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ELECTRICAL GENERATORS 
AND MOTORS 


It Is not possible to explain the funclamental nature of electricity, notwithstanding" 
the centuries of thought that have been expended on the subject. Recently the problem 
has been advanced another stage, but not as yet above the level of .scientific speculation. 
For practical purposes It is fortunately unnecessary to understand the constitution of 
matter or its relation to electrical phenomena, since years of experience and investiga- 
tion have established sufficient data to enable electrical engineers to design with 
confidence machines that will give to within a few per cent the calculauxl efficiency. 

Before dealing with the practical aspect of the subject, a brief r6.sume will be given 
of the action of bodies under various electrified conditions, of which several exist. 


FRICTIONAL ELECTRICITY 

When two bodies arc rubbed together they acquire certain electrical properties 
which differ from one another, and which vary in degree according to the nature of 
the substances. The phenomenon is best observed by choosing two materials such 
as a stick of sulphur and a piece of well-dried fur. If then the sulphur be rubbed with 
the fur it will be found to have acquired the property of attracting such light objects 
as small pieces of paper. Although not so readily detected, the fur may be shown to 
possess a similar property. When an object po.ssesses this property, it is said to b«; 
charged with electricity and to be electrified. If now two sticks of sulphur are rubbed 
each with dry fur, and if the sticks are suspended near each other by means of silk 
fibres so as to prevent leakage of their charges, the two sticks will be found to repel 
one another. In the same way, by taking great precautions to prevent leakage a force 
of repulsion may be observed between the pieces of fur. The nature of the charges can 
be readily tested by other and more practical means. On suspending in a similar way 
a stick of sulphur and a piece of fur that have been rubbed together, the one will be 
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found to attract the other. I'his indicates a difference between the electrified stclte of 
the sulphur and of the fur, and shows also that whereas two similarly electrified bodies 
re[)cl each other, those dissimilarly electrified attract one another. When, however, a 
piece of well-dried jjlass which has been rubbed with dry silk is suspended near a piece 
of sulphur rubbed with fur, instead of repelling each other as might be expected, they 
attract one another. This shows that the nature of the charges depends upon the 
substances u.sed together. 

h'ranklin has distingui.shcd the two states by calling the charge produced on a glass 
rod when rubbed with silk “ positive ”, and that produced on the sulphur when rubbed 
with fur “negative”. In the list of substances given below, the arrangement is such 
that any body indicated is charged positively when rubbed with any one that follows, 
and is negatively charged by any that precedes it: — 

h'ur, wool, ivory, glass, silks, metals, sulphur, indiarubber, and celluloids. 

Other terms have been used to distinguish the two kinds of charges; for example, 
glass rubbed with silk was .said to be charged with vitreSus electricity, and sulphur 
rubbed with fur was said to acquire a resinous charge. 'I'hese terms are not satisfactory, 
as glass rubbed with fur acquires a resinous, that is, a negative charge. 

The points regarding static charges of electricity to be particularly noted are that: — 

Similarly electrified bodies repel one another whether both positive or both 
negative. 

Bodies dissimilarly electrified attract one another. 

Further, when two bodies are rubbctl together tin; positive charge acquired by 
the one always equals the negative charge of the other. / 

• « 

The amount of the charges does not depend upon the friction. The purpose of 
the rubbing is merely to bring all parts of the substance into as intimate contact as 
po.ssible. Under favourable circumstances, simple contact may be shown to give similar 
results. It appears from investigation that the charge distributes itself over the surface 
of the body. So far as the quantity of the charge is concerned, it is immaterial whether 
the body, .say of a spherical form, is a thin shell or solid. In the case of a spherical 
ball the charge distributes itself uniformly over the whole surface, giving the same 
density of charge at any part.. Where the curvature varies the distribution also varies, 
the charge gathering in greatest quantity at the places where the curvature is greatest. 
It is on account of this that a pointed body loses its charge rapidly to the surrounding air. 

If a metal sphere be supported on an insulating stand to prevent the passage of 
electricity between it and the earth, and if a charged body be brought near it, the 
distribution on the sphere will be influenced very considerably. Suppose, for example, 
the charged body is a rod of glass that has been rubbed with silk and is therefore 
positively chaiged, the distribution on the sphere under the influence of the positive 
charge will be as shown in fig. 233. A negative charge will be attracted tew the near 
side, and an equal positive charge repelled to the farther side of the sphere. A 
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weIPknown experiment, which demonstrates the results of the influence of an electrical 
charge upon a conductor, is made by suspending a pith ball on a silk thread and 
bringing near it a positive charge of electricity (fig. 234). The distribution on the 
pith ball is affected as above explained; but as the pith ball is free to move, and since 
dissimilar charges mutually attract one another while similar ones repel each other, 

and since also the negative portion of the charge is at a less distance than the positive 

portion, the resultant motion of the pith ball is towards the glass rod. Immediately 
contact takes place, the negative charge on the sphere becomes neutralized by part 
of the influencing po.sitive charge on the glass rod. The i>ith ball is thus left with 

a positive charge and is repelled by the glass rod, which drives the pith ball away 

again. When the density of the charge is very great, the two bodies 
need not be brought into direct contact: the electrical 
stress may be sufficiently great to force a passage 
through the small layers of intervening air, and this 
it does with a crackling .sound and the formation 
of sparks, due to the heat generated making incan- 
descent the particles of metal and dust pre.sent. 

Use has been made of the names Conductor anil 
Insulator. As the names imply, a conductor permits 
of the ready passage of electricity, while an insulator 
does not readily do so. The terms are relative, as every body to a more or less 
extent allows of the passage of some of the charge. 

Ciood conductors are the metals and water. The human body also conducts 
well. Such substances as ebonite, indiarubber, resin, silk, sealing wax, mica, glass, 
and air are non-conductors or insulators, or, as b'araday termed them, dielectrics. 'I'he 
^ conducting power of water explains the necessity in the experiments described of 
having different substances free from moisture; a very small quantity of water 
allowing the charge to leak to the air as soon as formed. 

In the same way, the insulating properties of glass, ebonite, and silk fibres 
suggest their use as handles or sus[)en.sions for the charged bodies. In practice the 
insulators most commonly used are indiarubber, dry, oiled, or waxed silk, cotton, vul- 
canite compounds, slate and marble, porcelain, mica, and glass. The quality of the 
surface is found to largely affect the insulating properties according to the readiness 
with which a film of moisture forms upon it. Vulcanite is found to give best results 
when the surface is not polished. On the other hand, .slate is very generally polished 
and the surface waxed. 


I’ig. 333 

Di.stribution of Klrctric 
Charges 


Fig. 23^ 

Dibtribution of 
JClecli ic Cliaigo 
on SI I^ilh Hall 


CONTACT AND CURRENT ELECTRICITY 

* To distinguish flowing currents of electricity from the static electricity already 
described, the term dynamic, or simply current electricity, is used. The investigations 
in 1789^ of Luigi Galvani, profe.ssor of anatomy at bologna, and the exhaustive 
researches of Alessandro Volta of Pavia in 1792, established the existence of a current 
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form of electricity differing widely from the static form discovered so many years 
earlier. Volta's experiments resulted, in 1800, in the v6ry interesting discovery that 
two different metals, when brought into contact, became oppositely electrified. Thus, 
if two plates of zinc and copper fitted with glass insulating handles be brought into 
contact, the electrical conditions of both become altered. The zinc plate acquires 
a positive charge, and the copper a negative charge. By repeated experiments Volta 
succeeded in arranging the more common metals in a series showing the intensity 
and character of the currents produced when any two of the substances are brought 
into contact in air: 

+ Zinc, lead, tin, iron, copper, silver, gold, platinum — . 

In the series given, any metal in the presence of air acquires a positive charge in 
contact with any succeeding metal, and a negative charge with any metal preceding. 
Copper becomes negative in contact with zinc, and positive in contact with gold. The 

series forms also a scale of intensities; the positive and negative 
charges on the metals towards the extremes of the series attracting 
each other with a greater force than those of two metals nearer 
together in the scale. For example, copper becomes electro- 
negative with zinc to a higher degree than with lead, and still 
higher than with tin ; similarly it is more electropositive to platinum 
than to gold, and still more so than to silver. The phenomena are most probably 
due to chemical action between the metals in presence of the oxidizing agent air. 
If another gas, say sulphuretted hydrogen, be substituted for the air, the series already 
given becomes inverted, and an acid used instead of air produces increased results. 

The name electromotive force is given to the force of attraction between the 
electrical charges. The term voltage,* derived from the naifie Volta, is als^ u^ed to 
denote the electrical pressure exercised by the one charge upon the other. Potential 
is also frequently used to denote electrical pressure or voltage. Suppose that two metal 
plates, one of copper and one of zinc, are brought simultaneously into contact, with an 
intervening layer of felt moistened with dilute sulphuric acid, as indicated in fig. 235. 
As soon as contact takes place, the -f and — charges of each plate, which until then 
were united, become separated, the negative charges accumulating on the outer surfaces, 
and the positive charges gathering at the acid layer. The zinc plate, however, is' excited 
electrically to nearly four timep the amount of the copper, with the result that the negative 
charge received by the copper is one quarter that received by the zinc, while the positive 
charge of the zinc is one quarter that of the copper. In the case of the zinc the one 
positive part of the charge neutralizes one of the four negative parts, so that the zinc is 
left with a resultant negative charge of three parts. In the same way the copper acquires 
an equal positive charge three times as great as would have been obtained by the 
excitation of the copper plate alone. By the simultaneous effects of the acid on the 
two metals an elociroinotivc force is established between them, and when this force is 
exerted in overcoming a resistance, a definite quantity of metal is used up in a:hemical 
reactions. In the case under consideration the zinc plate would be gradually dissolved 
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away. Two plates excited in this way by a licjuid form a ijalvanic couple, which has 
received the name galvanic or voltaic element or cell. 

The potential or electrical tension between two plates is of a very small order, and 
can only be detected by very sensitive instruments. Volta found that by pl.icing a 
number of elements in series so as to form a pile .arranged as follows: copper, liquid, 
zinc, copper, liquid, zinc, and so on, the small effects of the individual cells were added 
to form an appreciable quantity, the potential between the ends being equal to the sum 
of the small individual pressures. Such an arrangement is called a voltaic pile. It 
commences with a copper plate and ends with zinc. The plates towards 
the middle of the pile show no electrical charge, since the positive and 
negative charges are equal there and neutralize each other. At the 
copper end of the pile the positive charge accumulates, and at the zinc 
end the negative charge gathers. Terminal wires arc generally fixed to 
the ends or poles of the voltaic pile, the copper plate being the .source 
of the positive current and the zinc that of the negative. When 
the wires are connected so as to form a continuous circuit through 
thqm and the elements, tJie circuit of the pile is said to be closed, 
similarly when the wires are not in contact the circuit is open. As 
soon as the circuit is closed a flow is established between the ends of the piles, the 
currents of opposite sign flowing to balance one another. From the copper plate the 
positive electricity flows through the wire to the zinc plate, while the negative flows 
through the wire in the reverse direction, as shown in fig. 236. 'i'he term galvanic 
current has been used to describe the flow of the electricity in the connecting wires. 
Since the electromotive force of each element tends to maintain a definite and constant 
potential between each pair of contiguous metallic plates, driving the [Kwitive current 
towards the extreme copper plate and the negative towards the extreme zinc, it is 
evident ^at this constarft pressure will maintain continuous currents in the outside 
circuit, and that these same currents must also flow 
through the pile. The current flowing from the posi- 
tive copper plate to the zinc, and in the pile from the 
zinc towards the copper, is called the positive current. 

The current flowing in the opposite direction is calletl 
the negative current. In speaking of the flow in the 
pile itself, the current passing from the zinc to the 
copper is termed positive. Since, therefore, the posi- 
tive current starts at the zinc and pas.scs through the pile towards the cop[)er, the zinc 
is said to be an electropositive metal and the copper electronegative. Both end plates 
are called electrodes, the zinc being the positive electrode, carrying the negative jwle 
of the pile, and the copper the negative electrode, carrying the positive pole. 

To distinguish the positive and negative electrodes the terms anode and kathode 
are used respectively. In the example given of a zinc and copper clement, the zinc is 
therefore the anode and the copper the kathode. Volta s pile, as illustrated in fig. 236, 
is not suitable for general purpo.ses. The same effects may be produced in simpler and 
more convenient ways. In fig. 237 i® shown a battery of galvanic cells corresponding 



Pig. 237.- Ballfiy of (lalvanic Cells 
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to the pile of voltaic elements. Each pair of zinc and copper plates is contained in 
a vessel, frequently of glass, and to separate the plates acidulate water is u.sed, without 
the intervening layer of cardboard used in the voltaic pile. The copper of one element 
is connected directly to the zinc of the ne.xt (!lenient as before, and when the poles are 
joined by a thin wire, currents will flow round the circuit as indicated in the figure. 
As already e.xplained, in each element of a particular kind a definite electrical pressure 
exists between its poles. If the zinc of a second element be then connected to the 
copper of the first, double the electrical tension, or voltage as it is called, will exist 
between the extreme poles of the two cells. The total voltage across the extremes of 
a battery of cells connected in this way is equal, therefore, to the sum of the voltages 
across the poles of the individual cells. It is the pressure across the poles that 
determines the quantity of current that will flow around the circuit in a given time. 
A very close analogy exists between the flow of water in a pipe under a given 
pressure, and the flow of electricity in a wire under a corresponding pressure or voltage. 
In the one case the hydraulic head or pressure, the quantity of water, and the resistance 
to the flow are comparable in the other with the voltage or electrical pressure, the 
(|uantity of current, and the total resistance of the circuit. 

'Fhere are two kinds of resistance that must be considered when dealing with cells. 
First, there is the external resistance of the circuit joining the poles, for example the 
resistance offered to the flow of the current by the connecting wire; and second, there 
is the internal resistance of the cell itself. The external resistance, if consisting simply 
of a wire, will depend upon its length and diameter, and upon the metal used. 

The internal resistance will depend largely upon the resistance offered to the flow 
of the current by the liquid separating the positive and negative electrodes, the 
greater the path through the liquid from plate to plate the greater the resistance. On 
the other hand, the greater the area of the liquid transmitting the current the smaller 
the resistance. There are other smaller resistances which must be added^lb obtain 
the total internal resistance of the cell, such as the resistance at the surfaces of the 
plates owing to the presence of layers of gas. 

I'here is a definite relationship between pressure, resistance, and the quantity of 
current that flows in a definite time. It is therefore possible to compare the resistances 
offered by different metals, by measuring with suitable instruments the currents flowing 
in wires ol the same lengths and diameters under the same pressures. Such com- 
parisons arc freciuently made with copper as a standard, copper being the inetal most 
generally used in practice. The number denoting how many times the resistance of 
the substance to the passage of the same current is greater or le.ss than that of the 
standard copper, is termed the specific resistance of the substance. Iron has a specific 
resistance of about 6; that is to say, an iron wire offers about six times the resistance 
to the flow of current that a copper wire of the .same length and diameter does. The 
resistance R of a wire is equal to the specific resistance Rs of the metal used, multi- 
plied by the length L of the wire and divided by the area S of the cross section, 
thus; 

R = 


Rs L 

"s— 
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4 n a memoir entitled The Galvanic Chain, published in 1827 by O. S. Ohm, 
the relationship between the pressure, current, and resistance existing in an electrical 
circuit was first established. This relationship, known as Ohm’s law, states that the 
current generated in a circuit is greater or less according as the pressure is large or 
small, and according as the total resistance internal and c-vtcrnal is small or great. 
The law may be expressed in the following ways: — 


(1) The current 

(2) The Pressure 


Pressure 

; ; or, 

I otal resistance 

Current x Total resistance. 


Both the internal resistance of the cell and the external resistance of the circuit are 
included in the total resistance, so that formula (2) may be expressed thus: 

Pressure = Current x Internal resistance -|- Current x fc)xternal resistance. 


Fig. 238.— ’I hermo-pilc 
Elements 


One part of the total pnissure is therefore expended in foreinj^ the current throuj^h 

the cell itself ajjain.st the internal resistance, leavinj^ the remainder 

of the pressure to overcome the external resistance. 

It is not necessary to enter here into the chemical pheno- 
mena with which the production of electrical currents in a jjalvanic 
cell are so intimately associated. In its chemical application the 
jjalvanic cell is put to various practical uses, [xirticularly in its 
application to electrolysis. 

Electric currents may be produced in other ways than thosi; 
already described. If, for example, two different bodies, pn.-ferahly 
two aietjils, arc brought jnto intimate contact, a difference in electrical pressure will he 
established at the junction when its temperature is increased or decreased, and a definite 
though very feeble current will flow if the circuit be closed. As in the voltaic pile, the 
current intensity may be increased by placing a number of elements in series, as shown 
in fig. 238. A series of such contacts is called a thermo-pile, since it gives, in conjunction 
with a galvanometer for measuring the current that flows, a ready means of measuring 
quantities of heat. In fig. 238, if the soldered junctions i, 1, i of the two different metals 
be gently heated, and the junctions 2, 2 be at tlie same time cooled to increase the effect, 
a difference of electrical pressure will be established in the extreme elements of the pile. 


Neither the galvanic battery nor the thcrmo-pile can be utilized in practice for the produc- 
tion of other than small currents. To produce large quantities of current other means 
must be adopted. The description given of the galvanic battery will, however, make what 
follows more readily understood, because no matter how the electrical current is produced, 
whether by the galvanic battery or otherwise, its behaviour is always the same, and 
fiflrther, the knowledge gained from observation of the galvanic currents has served as 
the basis of the construction and the later development of the large machines used at the 
present-day for lighting and traction purposes. Many interesting experiments may be 
made with galvanic currents; and a few of the most typical that make the flow of the 

VOL. It 
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electrical current evident to the senses may be mentioned here. If the bare ends of 
the wires connected to the poles of a galvanic cell are brought nearly together and 
then touched simultaneously with the tongue, two effects will be felt. The tongue will 
experience a prickling sensation and also a slightly acid taste, neither of which sensations 
will be detected if the wires are disconnected from the battery. The flow, of the current 
from the battery may be made visible by means of a coil of wire and a compass, as 
shown in fig. 239, where the loop is arranged so that it encircles the compass and lies 
in the direction of the needle. One end of the coil may be joined to one pole of the 
battery, and the other arranged so that the circuit may be closed when desired. As 
soon as the circuit is closed the compass needle will suddenly deviate in one direction, 
and if the current be made to flow in the reverse direction through the coil by inter- 
changing the ends of the wires at the battery poles, the deviation will take place in 
the opposite direction. A third experiment will show the chemical action of a current 
when passed through certain salts. By placing the ends of the wires connected to 
the battery poles upon a piece of blotting paper soaked in a solution of potassium 

iodide, care being taken that the wire 
ends are ntfar one another but do not 
touch, then as soon as the current flows 
across the intervening gap the solution 
of salt will change colour to a deep 
blue. In practice this and similar 
actions are frequently made use of 
when it is necessary to distinguish the poles of a battery or dynamo. These are 
but a few of the many beautiful and instructive experiments that may be carried out 
with electric currents derived from a simple galvanic cell. 



Fig. 239. —Flow of Current through a Coil 


t •» 

MAGNETIC EFFECTS OF CURRENTS 

Of all the phenomena already mentioned, the one that has exercLsed the greatest 
influence upon the development of electrical machinery is the deviating effect of a 
flowing current upon a magnetized compass needle. This phenomenon, fii^t observed 
in 1820 by Oersted, showed the close relationship that seems to exist between dynamic 
electricity and magnetism. Many scientists have sought, so far without success, to 
explain the relationship experimentally established. Ampere’s investigations showed 
that not only static but also* current electricity exercised the mutual attraction or 
repulsion forces already observed in the case of charges of static electricity. According 
to Ampere’s theory, based on these investigations, magnetic phenomena are the result 
of the effects produced upon the molecules of the body by currents of electricity cir- 
culating around them. Arago, a French physicist, showed in 1820 that a current 
flowing in an insulated wire wound upon a bobbin acted upon iron filings in the same 
way as a bar of magnetized steel. The close connection of magnetic and electrical 
phenomena has been therefore realized from an early date. 
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PERMANENT MAGNETS 

Until Arago made his memorable discovery it was thought that magnetism was 
a property possessed solely by certain substances, such, for example, as natural magnetic 
iron, which has the power of attracting certain bodies. Natural magnets of this kind 
may be made to impart the magnetic i)roperty to such a material as 
steel, which thus becomes an artificial magnet. When steel is used 
the magnetism is more or less permanent. If, however, soft iron is 
employed, the magnetism imparted will disappear almost immediately 
after the removal of the natural magnet. The phenomenon recalls 
the action of the suspended pith Imll when in the presence of a static 
charge of electricity. The charges on the pith ball become separatetl 
under the influence of the static charge near it. For this reason the 
magnetism of the soft-iron bar is said to be induced. 

F'iR. 240. — Huisc-shoc 

One of the earliest f^rms of the artificial permanent magnet is 1 ‘erniancnt 

illustrated in fig. 240. It consists of a bar of steel bent into the form 
of a horse .shoe, so as to bring the ends or [)oIes conveniently near to one another. 
A piece of soft iron a .serves as an armature or keeper, and is held by the magnet 
in contact with its pole.s. The poles are distinguished as north n, and south s, the 
north pole being magnetically positive and the south pole negative. 

ELECTROMAGNETS 

Arago’s discovery made it possible to produce artificial magnets without the use of 
naturdt nlcfgnetism, and t6 realize much more powerful results, by winding a spiral of 
insulated wire around a core of suitable metal, such as iron, and by passing a current 
of electricity through the coils. When the current circulates through the .spiral coil in 
the clockwise direction shown in fig. 241, the end of the core 
facing the observer becomes a south pole and the other end 
a north pole. One of the earliest rules devised to enable the 
relative directions of the magnetic and electric flows to be 
determined is as follows: If the observer supposes himself 
sivimming in the wire in the same direction as the floio of 
the current, and with his face turned towards the iron core, 
then his outstretched left arm will point to the north pole simije liicnrom.iKnct 

of the magnetized core, and his right hand towards the south. 

The magnetic forces are exercised most strongly at the poles, and not only so, but 
around each of them for some considerable distance there is a magnetic field of rapidly 
diminishing intensity as the distance from the pole increases. 1 he middle of the magnet 
remains almost unaffected, and at one part, called the neutral line, there is no effect 
observable. If the soft-iron core be replaced by one of steel, the magnetism of the 
core induced by the current in the coil becomes more or less permanent. A steel needle 
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magnetized in this way exhibits all the properties of the magnets produced in the ways 
previously mentioned. When suspended, for example, at its middle it will behave like 

a compass needle, directing its north pole towards the north pole 



I'lg. 242. — Ilorse-slioc 
Kleclroniagnrt 


of the earth. As already explained, if a continuous spiral be wound 
around a long thin core and a current passed through the coils, 
the opposite ends of the core will become north and south poles 
respectively. If, now, the core and spiral be supposed bent, as 
indicated in fig. 242, the result will be a horse-shoe electromagnet, 
with the continuous coils on the two magnet limbs apparently 
running in opposite directions. All magnets produced by the flow 
of a current around a core, of whatever form, are called electro- 
inagnets. 'I'here is a close analogy between the attractions and 


repulsions of magnetic poles and of electrical charges. Poles of 
north and south polarity attract each other, while similar poles are mutually repellent. 


SOLENOIDS 

Ampere .showed that a simple spiral of insulated wire through which a current 
flowed might be considered as a magnet although no central core of iron was present, 
and that the rule already given for determining the direction of the magnetism induced 
was equally applicable. Suppose such a spiral, wound as shown in fig. 243, is suspended 
with its ends pivoted each in contact with one pole of a battery so that it may rotate 
freely as indicated. The flow of the current will then 
induce a magnetic field of north polarity at one end 

of the spiral which will 
swing round towards the 
north pole of the earth, 
while at the other end of 
the .spiral the magnetic 
field will be of south polar- 
ity, and will be directed 
towards the south terres- 

Ampire's Solenoid trial pole. Fig. 244.— SingIe>loop' Solenoid 

. Although a single spiral 

has been shown in the figure, similar results may be obtained by insulated layers of 
spirals wound continuously in the same direction, one upon the other, as is frequently 
done in practice to increase the effects. If a current from a battery be passed through, 
a loop of wire, as shown in fig. 244, the enclosed space will become magnetically 
stressed, and around the wire there will be as it were a magnetic whirl indicated 
by the arrows. When the current passes in one direction the whirl will have a 
definite lotraion, which will be reversed whenever the direction of the current in the 
wire is reversed. Suppose, for example, the current is flowing through the Joop in a 
clockwise direction when viewed from above. If, then, the observer looks along the 


+ 
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wir^ in the same direction as the flow of the current, the magnetic force may he c<»n- 
sidered as whirling in a clockwise direction around the wire, and vice versa. Arago’s 
convention, already described, helps still further to explain the behaviour of solenoids. 
An observer supposed to be swimming in the wire in the same direction as the current 
would, if he turned his face inwards towards the 
centre of the loop, have the north pole of the solen- 
oid in the direction of his outstretched left arm, and 
the south pole towards his right. If, therefon;, a 
magnet be held as shown, with the north entl down- 
wards, it would be attracted by the south pole of the 
solenoid. An interesting and now historic experiment 
is illustrated in fig. 245. The solenoid consists of 
.several turns of wire wound upon a bobbin, and has 
its ends fix^ to zinc and copper plates respectively. 

The bobbins and plates are arranged to float in a 
glass vessel of acidulated water, the whole arrange- 
ment thus forming a floatflig battery. Owing to the 

circulation of the current, one end of the coil becomes a south-seiiking pole and the other 
north-seeking, so that if a magnetized bar of steel be brought near it the coil will be- 
attracted or repulsed as the case may be. Eor example, when the north pole of the magnet 
is presented to the south pole of the solenoid, the coil will pass up the bar to its middle. 
If, on the other hand, the north pole of the magnet is directed to the north pole of the 
solenoid and forcibly thrust into it and then released, the coil v/ill move away, free 
itself from the magnet, then swing round until its south pole faces, and advance again 
over the bar until it reaches the middle. Two solenoids behave exactly in the same 
way as a solenoid and a magnet; like poles repelling, and unlike attracting each other. 



Fifj. ^45. — Solenoid 
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When a pole of a magnetized steel bar is brought towards 
an opposite pole of a solenoid in which a current flows, the mag- 
net is attracted and, as it were, sucked into the interior of the 
solenoid. This fact immediately suggests the converse, namely, 
that if the magnet be thrust into the solenoid a current will 
circulate in the circuit of the coils when no battery is present. 

The experiment can be easily carried out, as in fig. 246, by 
placing a galvanometer in the solenoid circuit to record the flow 
of the current. As the magnet approaches and enters the coil 
the needle of the galvanometer will deflect, and similarly when 
tKe magnet is withdrawn, but the deflection will be momentary, 
and will occur only when the magnet is moved either in or out. 

Currents of this kind are said to be induced; they arise inan the crossing of the 
coils and the magnetic field, which results as it were in a magnetic whirl .iround 
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the wire, and this induces a current so long as the magnetic field is moved across 
the wire. 

The current induced when the magnet is inserted is an inverse one, that is, it 
circulates in a direction opposite to the current that would be required to produce 
the polarity of the magnet as inserted in the solenoid. When the magnet is with- 
drawn, the induced current is a direct one. As first enunciated by Lenz, the law 
known as Lenz’s law states that “the direction of the induced currents is such as to 
set up a magnetic field which will tend to retard the change to which the induction 
is due ”. Thus, in the case illustrated (fig. 246), if the north pole of the magnet be 
rapidly thrust into the solenoid the induced current will flow in a counter-clockwise 
direction, .setting up a north pole at the up|)er end of the .solenoid which would tend 
to repel the magnet and thus retard the 
change to which the induction is due. It 
should be noted that the magnet loses none 
of its power in inducing these currents. 


Fijj. 247. -Magnetic Attraction between Fig. 248.- Magnetic Repulsion between 

Parallel Conductors Parallel Conductors 


ELECTRODYNAMICS 

Electrodynamics is that part of the science which deals with the mutual forces 
exerted by electrical currents. Ampere, in 1821, discovered that conductors in which 
currents flowed were mutually repelled or attracted according to definite laws, and that 
the mutual actions were due to the magnetic whirls set up around each conductor by 
the flow of the currents. In fig. 247, for example, which shows a section of the con- 
ductors passing at right angles through the paper, the currents are supposed to flow 
in both conductors downwards, and the courses of the magnetic lines of force are 
indicated by the curved lines. In fig. 248 the direction of the flow in the right-hand 
conductor is reversed, and thus the whirls rotate in opposite ways. More lines of 
force will in this latter case pass between the conductors than in the former, and the 
stress in the intervening space will be greater, so that the conductors will be forced 
apart, while in the former case they will move towards each other. 

Two parallel conductors, therefore, in which currents flow, attract or repel one 
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another according as the currents flow in the same or in opposite directions. This 
also applies to the case of conductors which cross one another obliquely, as shown in 
plan in figs. 249 and 250. In the case illustrated, currents are supposed to run in 
the same direction in the wires i, 2, and 3, 4, which may or may not be parts of the 
same circuit. 

From what has been said above, it will be clear that in the intervening spaces 
If 5» 3» 4f 5» 2 , bounded by conductors in which the currents flow as indicated, 


Fig. 249.— Magnetic Stress between Fig. 250.— Magnetic Stress between Fig. 251. M.ignctic Sties.s 

Crossed Conductors Crossed Conductors between ( 'rossed Coils 

there will be a reduction of the magnetic .stress, and therefore a tendency for the 
conductors to be forced together about the intersection 5. The two conductors will, 
under the actions of the magnetic fields set up around them, tend to sea themselves 
in such a way that their currents flow in as nearly as po.ssible the same patlis. 

Fig. 251 shows two coils wound on frames, the pivoted one centrally within the 
other. If, then, currents are passed round the coils, the moving frame will swing into 
the plane of the fixed one, so as to bring the directions of the two currents parallel. 
These reactions are made use of in many electrical measuring instruments. 

MAGNETO-ELECTRIC MACHINES 

> • 

The first succe.ssful attempt to make use of induced currents 
was made by Pixii in 1832 with the apparatus illustrated in 
fig. 252, which contains practically all the c.ssential parts of the 
powerful generators of the present day. 

The coils i, i in which the currents are induced arc wound 
upon the limbs of a soft-iron horse-shoe core, and a permanent 
horse-shoe magnet is supported on bearings in front of the coils, 
so that its poles may be rotated in front of those of the bobbin. 

Each time the permanent-magnet poles sweep past the soft -iron 
ends of the bobbins a momentary current is induced in the circuit 
of the coils; but since a north pole and a .south ix)le sweep 
alternately past the coil cores it is clear that the direction of 
the induced current will be reversed each half-revolution, and 
that the strengths of the induced currents will vary during each 
half-revolution from zero to a maximum and back to zero, when 
the direction of the flow will be reversed. In fig. 253 a view is 
given looking towards the coil ends, in front of which the permanent-magnet poles 



Fig. 252. 1 ‘ixii IClcctric 
(icncMlor 
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are supposed to be rotated, while fitf. 254 Illustrates the variation in the strength of 
the induced current as the permanent magnet makes one revolution. The action of 
one only of the permanent- magnet poles, say the north pole N, need be considered, 
since the south pole merely doubles the effects throughout the cycle. When the north 
pole N is moving through the position a, the rate at which the magnetic lines cut the 
wil cores is noltchanging, and there is therefore no induced current. At the point A, 
therefore, fig. 254, zero current is indicated. 



Fir. ot M.igjiiol Pol« 

Mcro-NS ii I’iiir of C.'oils 


Fffj. 254.— Diagram of Induced Currents 


coils at position n, the induced current increases to a maximum, and then decreases until 
at position c the current is again zero. After passing c the north pole N approaches 
the other limb of the coil, so that the current induced is in the opposite direction to 
the previous one. 'I'his is indicated in the diagram by the extension of the curve being 
continued under the zero datum line. As the north pole passes position b the current 
is again a maximum but in the reverse direction, and when the revolution is completed 
at the point A the current has fallen to zero, and thereafter the cycle is repeated. 

A current which fluctuates in this way and alter- 


% nately changes its directioh is called ' ® 

an alternating current. The intensity ^ 

of the induced current in such mag- 4»*«1 !»»*• 

•••• 

neto machines depends upon the rate •••• ® •••• 
of change in the number of the mag- ••Sa 
netic lines cutting the colls, and there- 
fore upon the speed of rotation and •''k- *s6.-kii<i 

* ^ Section of Magneto 

F'k 355. M.iKiuto Ainutture u|)on thc Strength of the magnetic Armature 

fiellbs. Very many different types of 

magneto machines have been devised from time to time, but in all the underlying 
principles are thc .same. After thc publication of Pixii’s machine, the arrangement 
was improved by rotating the bobbins instead of the magnets; which in large machines 
were of a considerable weight. 


Fig. 256. --End 
Section of Magneto 
Armature 


In order to more completely utilize the magnetic field, Werner Siemens in 1856 
introduced the wound-shuttle armature, indicated in fig. 255, and in section in fig. 256, 
and shown in fig. 257 in position between the poles of the permanent magnet. Instead 
of one permanent magnet extending the whole length of the armature, which is impracti- 
cable, Siemens introduced a number of magnets side by side, as shown in fig. 258. In 
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the case of Pixii’s machine the currents induced arc? alternating, which for many purposes 
is a disadvantage, as, for example, in electric lighting, when it is dcisircd to have the 
current flowing continuously in one direction. This is effected by the addition of a 


commutator, which reverses the direction of the induc(?d current in the coil once? each 
revolution, so that the currents induced at each half- revolution then Mow in the same 


instead of opposite directions. 
In the .Siemens and other 



Fig. 257.- Side Sectional 
FClevation of Magmno 
Armature and Field 
Magnet 


% 



Fig. 258. — High-tension Magneto Maeliine (SpofihNe.ll) 


simple magneto machines, two currents only arc induced during each revolution, and one 
of these requires to be reversed. Fig. 259 shows the end view of the commutator, 
which is supposed to be fixed upon the spindle of the rotating armature, and to have? 
its two insulated metal portions connected respectively to th(? ends of the armatun? 
coil; 4 and 5 are metal contacts or brushes rubbing g(?nlly on the surface of th(? 
armature, and 6 is the external circuit, which may include a galvanometer to indicate 
the flow of the current, dh an electric lamp. .Suppose a current commences to Mow in 
the coil, and that it enters the seg- 
ment I. Its course will then be 
through 4, 6, and 5 to the segment 
2 connected with the other end of 
the coil, thus completing the circuit. 

In the position of the armature 
shown in this figure the intensity of 
the induced current is at its maxi- 
mum. When the commutator r(?aches the position shown in fig. 260, that is, when the 
armature has turned through 90°, the current will have fallen to zero, and the brush<?s will 
be on the insulated portion. At this point the required reversal should take place, since 
the current will now commence to enter from the coils through the segment 2. Fig. 261 
shows the position when the armature has passed through 180°. I'he current from the 
coils now enters .segment 2, but this segment is now in contact with the brush 4, so that 
so far as the external circuit is concerned the direction of the Mow remains unalt(?red. 

Currents flowing continuously in the one direction .are called continuous currents 

to distinguish them from alternating currents. 

voi, li. 
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There is as before a fluctuation of the current from zero to a maximum twice (Juring 
each revolution, but, as indicated in the diagram fig. 262, no portion of the current falls 
below the zero line. The dotted portion of the alternating -current curve has been 

reversed, and now lies above the zero line. 

F'or electric lighting and many other purposes the single fluctuating currents, already 
described, are of no use. .Such a lamp placed in the circuit would give a fluctuating 



Fig. af.J. Diaijrani of Single ComnuitaK-.d Current Fig. 263.— Diagram of Two Commutated Currents 


light, as the current rose to its maximum and fell to zero. It is possible, however, by 
suitably winding the armature with a series of coils, to make the fluctuations so raj)id 
and of so small a range that for all practical purposes the voltage in the circuit, and 
therefore the light of the lamp, will appear continuous. This will be more readily under- 
stood by considering, as before, what happens during one complete revolution of the 
coil. Fig. 262 shows the fluctuations in a single coil. If now the wire on the armature 

is continued so as to form a coil at right 'angles 



to the first, the voltage in this second coil will 
reach the maximum when the voltage in the other 
is zero. In fig. 263 the two curves ab'cd'a and 
bc'da' are indicated displaced by 90°. The re- 
sultant curve, which is obtained by adding the 
amounts of the two curves at that particular point, 
is shown by the a'eb'f... line. It will be noted 
that the range of fluctuation is mu^ diminished, 
and that the voltage now never falls to zero. 


Fip. 264. - Diagram of Continuous Current 


The fluctuations also are more rapid, there being 


now four instead of two, that is two to each coil. 


Fig. 264 shows the curve of voltage resulting from the use of four coils symmetrically 
arranged at 45° intervals. The resultant curve is rapidly approximating to a con- 
tinuous straight line. 


Pacinotti, in 1804, exinl»ited the first small machine with an armature of the type 
now known as ring wound. To Gramme, however, belongs the credit of .producing 
the ring -wound -armature dynamo in a practicable form. Ring-wound armatures are 
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accorclingly very generally known as Gramme rings. An armature of this type consists 
of a cylindrical soft-iron ring or core (fig. 265), wound, us shown, with a series of coils 
2, 2 connected the one to*the other by means of the segments on the commutator. 'I'lic 
coils thus form one complete and continuous circuit with the junctions of adjacent coils 
connected to the commutator segments, there being therefore as many .segments as coils 
on the armature. The whole armature revolves in the magnetic field of the permanent 



Fig, 265 — Elenicnls of Gramme kittg-wound Dynamo with 
Permanent Field 



Fig. a66,' -Flow of fijrifiilii m Giitmna; 
King Dynamo 


magnet n s. Bru.shes 5, 5 press against the commutator and allow the currents generated 
to flow into the external circuit 6. The brushes are placed opposite the neutral parts 
of the ring as shown in fig. 266, which e.xplains the action. Poles of north and south 
{X)larity are induced in the soft- iron core by the permanent poles of opposite polarity, 
so that the core may be regarded as two tnagnets with their like poles in contact as at 
n, n and s, s. At the intermediate; points the magnetism is zero. The commutator 
brushes are accordingly pRiced on this neutral line. From the north permanent pole 
the magnetic lines of force pass towards the 
south pole, but instead of passing directly 
across through the central air space, the lines 
become concentrated in and pass through the 
soft- iron core, which offers a resistance to 
their passage much less than air. This 
magnetic flow is illustrated in fig. 267. If 
now the armature be rotated, the wires on 
the outer surface will cut the magnetic lines 
of the field entering the core, while the wires on the inner surface will not, since the 
field only leaves the core again at its surface. These inner conductors .serve only as 
returns for the surface wires. If the direction of the armature rotation be counter 
clockwise the current in the coils on the upper half of the ring will Ilow towards the 
right marked (fig. 266). In the lower half of the armature coils the Ilow of current 
will also be towards the right, so that one side of the armature will be at a high(;r 
potential ®r voltage than the other, and a continuous current will flow in the outside 
circuit in the direction indicated by the arrows. 



I'ig. ^67. — Mrignetic Flow through Arm. time fo/c 
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DYNAMO-ELECTRIC MACHINES OR DYNAMOS 

One serious disadvantage has been common to all the electromagnetic machines so 
far d{!scribed, namely, the use of permanent magnets to produce the magnetic field in 
which the armature is rotated. With permanent magnets it is not possible in practice to 
generate other than small quantities of electrical energy, owing to the limitations of the 
size and strength of p(;rmanent magnets. I'o overcome this difficulty, Mr. H. Wilde, 
of Manchester, in 1866, introduced a dynamo in which the permanent steel magnet 
was replaced by a powerful electromagnet with a soft -iron core. In Wilde’s machine 
a small separate au.xiliary magneto was used to supply the current for the excitation of 

the field -magnet coils of the principal machine. By the 
combination in this way of the small electromagnetic machine 
with [)(!rman(.*nt magnets, and the large machine with electro- 
magnets, it has become possible to construct generators of 
powers to suit any demands. 

A most important advance was made by Werner 
.Siemens, who dispensed with the use of a .separate auxi- 
liary magneto-electric machine for exciting the field-magnet 
coils of the large machine. Siemens found that by passing 
a portion of the armature current through the coils the 
machine could be made to produce its own magnetic field. 
The soft iron of the magnet core retains permanently a 
small amount of magnetism which is sufficient to generate 
a small current in the armature as soon as it is rotated, 
rhis small current j)asslng through the coils increases the magnetic field, which in 
turn increases the armature current, and so on, until the soft iron of the magnet core 
is so .saturated that it cannot carry more magnetic lines. Gramme at once appreciated 
the importance of .Siemens’s dynamo-electric principle, and applied it practically to one 
of his ring- wound machines. Fig. 268 shows the essential parts of the Gramme 
machine, arranged diagrammatically to lllu.strate the action. Comparison with fig. 265 
will show that the wire from the one brush of the commutator is first coiled continuously 
round the iron limbs of the field magnet before pas.sing on through the external circuit 
back to the other commutator brush. There is thus a continuous circuit through the 
armature and field coils. This type of dynamo is said to be series- wound, and all_ 
the current generated passes through the few turns of thick wire on the magnet limbs 
to produce the required magnetic field. The strength of a magnetic field, that is, the 
number of magnetic lines of force produced, is determined ‘up to a certain limit by the 
total number of turns of the coil and by the current passing through them, that is, the 
magnetic field depends upon the ampere turns. A certain strength of field may^ be 
obtained with a large rurreiu passing through a few turns or a small current passing 
through a large number of turns. Since the total current generated is passed through ! 
the coils in a series machine if is necessary to use a heavy wire capable' of safely 
carrying the large current, and a few turns only are required. 



I'ig. .'fiS. I))n.iniu with i-Jcciro- 
Maynclic Sfrifs- wound Field 
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^Shunt-wound machines make use of the second method of winding with many 
turns of fine wire carrying a small current, which is only a small fraction of the current 
circulating through the armature and the external circuit. Fig. 269 shows the 
diagrammatic arrangement of a shunt- wound machine. The external circuit is con- 
nected as before in fig. 265 to the armature brushes, while the field coils com()rise 
another circuit in parallel with the external circuit, and also connected to the armature 
brushes. As the resistance in the field coils is great 
compared with the resistance of the (‘xternal circuit, the 
current in the magnet coils will be pro[)ortionately small. 

When a series- wound machine is run at its normal 
speed with the external circuit open, no current flows, and 
therefore there is no voltage across the brushes of the 
machine. As soon as the circuit is completed, a small 
but rapidly increasing current flows as the magn(‘tism 
builds itself up. In the diagram, fig. 270, in which hori- 
zontal lines repre.sent the circuit resistance and vertical 
lilies the corresponding voltages, it will be se(m that when 
no current flows, that is, when the resistance is infinite, 
there is nt^ voltage, and, further, until the external resist- 
ance has fallen below a certain critical point, depending 
upon the nature of the machine, the magnetism will not build up and the machine is 
not up to this point self- exciting. When, however, a larger current is allowed to 
pass, the voltage rapidly increases, and this continues until the point Ixtyond which the 
magnetism of the cores cannot be increased, owing to the saturation of th(^ soft iron 
used and to other internal reactions. Thereafter an increased demand for current 



involves a fall of pressure at the dynamo terminals, as shown by the gradual descent 
of the curve. The pefint to be more particularly noted is that, up to a certain 

point, the dynamo suits itself 
to the load on the outside cir- 

^ cuit, supplying more current and ^ ” 

\ .tjiving the necessary increase of ^ ^ 

0 \ pressure as the load on the line > / 

^ \ is increased and its resistance j 

therefore diminished. Curves 

of this kind are known as char- OHMS 

^. . . , . - 1171 11 CiK* ^71. — Chiiiactfiistic Curve ut 

hg. 270. -Characteristic Curve of HCtCnStlC CUrVCS. When plOttCCl Shuni-»uuii<l Dyiuiim. 

Series-wound Dynamo ^ i • i 

for any particular machine, by 

noting the readings of an ampermeter in the circuit and a voltmeter across the 
dynamo terminals, they supply much information regarding the machine. A shunt 
machine gives a characteristic differing greatly from that of the series-wound machine. 
There is always a closed circuit through the armature and the field coils, although the 
external circuit may be open, and when the machine is running there is a more or less 
definite •voltage, depending upon the construction of the machine, whe^ther the outside 
circuit is open or closed. The characteristic shown in fig. 271 gives for zero current 

IHoo 
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Fig. '^71. — Chiiiactiristic Curve ol 
Sluuu-wouiul Dynamo 
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in the outside circuit the full voltage. As soon, however, as the load on the marine 
is increased by decreasing the outside resistance, a larger proportion of the current 
will flow to meet the demand and a smaller proportion will flow through the field 
coils, and owing to this and other causes the magnetism will fall, and with it the voltage 
of the machine. This is indicated by the fall of the curve, fig. 271. When, within 
certain limits, an extra demand for current is made upon a shunt machine the pressure 
falls. With a series machine, on the other hand, the pressure rises. It is possible by 

suitably combining these two methods of winding to 
make the rise of pressure compensate the fall, and thus 
to keep the pressure constant for a considerable fluc- 
tuation of load. Dynamos so arranged are said to be 
compound- wound. Fig. 272 shows the two coils upon 
the field magnets, one consisting of a few turns of heavy 
wire in series with the outside circuit, and the other 
shunt coil in parallel. Sometimes the series winding 
is increased when the machine has to supply current 
to lamps, or machines workmg at the end of a long 
line having some considerable resistance. Machines of 
this kind are said to be overcompounded. 
mk. a72.-coini)ouiid.wouiid Dynamo Scries-wound dyiiamos are ordinarily employed in 

cases where a certain number of arc lamps require to 
be supplied with a constant current and at a voltage varying with the number of the 
lamps. 

Shunt dynanfos give, within certain limits, automatic regulation and a constant 
voltage suitable for many purposes. 

The compound -wound machine is universally employed where a constant pressure 
is required across the terminals of the machine on the lines,* without the necessity of 
varying the speed of rotation as the load fluctuates, as, for example, when incandescent 
and arc lamps are used upon the same circuit. The terminal voltage in both shunt 
and compound machines may be regulated by inserting an adjustable resistance in series 
with the shunt resistance on the field coils. 



CONTINUOUS-CURRENT DYNAMOS 

The distinction between continuous and alternating currents has already been 
explained. It now remains to describe more particularly the way in which the armature 
coils are wound to obtain the best results. Instead of the ring winding, which involves 
a considerable portion of ineffective wire, namely, the wire on the inner surface of the 
ring, it is very customary to use another winding which has not this disadvantage. This 
armature, which is said to be drum-wound, and was first invented by Hefner Alteneck, 
in 1872, has all its conductors arranged upon the surface of a cylindrical core or carcass, 
and in the direction of its length. The only ineffective wires are then the connections of 
the various coils acros.s the ends of the cylinder, as each longitudinal conductor is in a 
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position to cut the magnetic field. One simple coil is shown in the diagram, fig. 273. 
rotating about the axis a, b in a clockwise direction, and between a pair of magnet [)oles. 
Under the conditions illustrated a current will flow in the rectangular coil in the direction 
of the arrows, its intensity being a maximum when the conductors are crossing the middle 
of the pole faces, and zero when the conductors are just entering or leaving the magnetic 
fields. The current will flow in one direction through the coil because the conductors 
forming the two sides of the loop move through 
the magnetic field, one in the upward direction 
and the other downwards. By means of a com- 
mutator, as already explained, the reversal of 
current may be obviated in the external circuit 
when the position of the opposite conductors 
becomes reversed. Other similar coils arranged 
around the cylinder would produce their maxi- big. 273.-' Rotation of Single Coil in a Magnetic FicM 
mum currents at different moments, depending 

on their relative positions, so that if these coils were connected together, as in the 
Gramme ring, to form a continuous closed circuit, some coil of the winding would at 
any moment be delivering a current through a corresponding pair of armature segments. 

.Some idea of the nature of a drum winding may be obtained from the diagrammatic 
sketches of the commutator end of the armature, and the perspective view, figs. 274 and 
275. Around the circumference of the drum are arranged sixteen conductors constituting 
eight coils joined in series, and also connected at their junctions to eight commutator 
segments lettered in the figures a b . . . h. 


Starting from any one of the commutator 



Fig. 374. —Commutator End of Drum Winding Fig. 275. —Armature Drum Winding 


segments there is a choice of two paths through the winding to the opposite segment, 
so that the eight coils may be considered as two groups of four coils each on cither side 
of the diameter through the two commutator segments. To the one group, in the case 
illustrated, belong the conductors marked i to i6, the numbers i' to i6' being used to 
indicate the second group. The figures in brackets — thus (14) — indicate the parts of the 
conductors at the armature end away from the commutator, the figures without brackets 
being used for the ends near the commutator. Starting at segment a and tracing the 
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path of the current through the winding, the current will pass across the end connecting 
wire to i, then along the surhtce conductor i, 2, across the end connection 2, 3, and 
along the opposite surface conductor 3, 4, back to the commutator end From 4 the 
current [)asses through the end connection to the next commutator segment b. Starting 
now from b, a similar path may be traced round the armature to c, and so on for each 




commutator segment. Commencing at segment a, which may be considered in contact 
with one of the brushe.s, the flow of the current will be as follows: — 


a I (2) (3) 4 <5 — b c — c (10) (ii) \2d — d 13 (14) (15) 16 e. 


e is the opposite segment and may be considered in contact with the second brush. One 
half of the segment has been used in passing through the first group of four coils. The 



second half of the commutator serves for the remaining four coils. Thus, starting again 
at a, the path to the opj)o.site segment would be in the reverse direction as follows: — 


a 16' (15') (14') 13 h 


-h 12' (it') (10') 9' (7') (6') 5'/—/ 4' (3') (2') 1' e. 


In the diagram the conductors of the second group are indicated as being interposed; 
between those of die first. They might equally well, however, be superposed. Since 
in a bipolar machine there are two paths through the aitmiture, from one brush to 
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ihc voIt;it{c is corn’S|)<)iulinj^Iy increased, hut the siz(; and vveij^ht of the machine also 
Ix'comes consid(?rahly i^reattT for the same speed. Without increasintj to any serious 
(•xtent the size of tlu; armature, the voltage may l)e doubled by addinjr a second pair 
of maonel poles, ami thus doublin;^ the total number of magnetic lines ettt by the 
conductors each revolution, provid(;d iht; number of paths through tlu; armature are not 
altered, namely, two, as in the bipolar machine. Tor still higher voltaye, multipolar 
machines, havin'^' three or more pairs of maenta poles, are <rt;nerally usetl. Sometimes, 
however, the machine is retjuired to .!4en(;rale a larcfe current at a moderate voUa^c. 



I'iij. :i8H. — l>\n.iiu() fnr ('oiiplinif 


This would involve, in the case' of a bi[)olar machine, V(*ry heavy conductors, and there- 
fore a laroe size of armature*, and a correspondingly bulky dynamo. By addinej^a second 
pair of p()l(\s, and arrant ini>* the* winding* of the armatures so that there arc two paths 
corresponding' to each of the ma^inet pairs, the conductors will have only to carry one- 
(luarter of th(! total curr(*nt. Compared, therefore, with a similar bipolar machine tin* 
four-pole machine will j^enerate twice tin* current but at the same voltage. A multipolar 
machine with its armature arranged in parallel coils as above, will in the same way give 
a great(‘r current in proportion to the number of its pairs of poles. It should be noted 
that a ])air of bruslu's uf'ccss.iry for each element, but all the positive brushes may be 
connected together, and similarly all the negative. 

In the nuiliii)olar machine developing a correspondingly high voltagt? the armature 
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is wound in scries, that is, there are only the two patlis throui^h the armature as in the 
bipolar machine, and only one pair of brushes is re(iuired. Several ty[)ical desii^ns of 
bipolar machines are indicated in the sketches. 'I'hey may have either rini>- or drum- 
wound armatures. Imo*. 276 is of a type introduced by SiemcMis and Halske of Berlin, 
and knowai as the overtyj)e, while fio*. 277 shows thi' inverted arranL;ement used by 
Kdison. A sintjle-coil dynamo, commonly called the 0 type from tlu! similarity of its 
magnetic circuit to the letter G, is shown in \v^. 2 /^. FijLj. 279 shows an aiTan|LiC‘nu‘nt 
which was at oiu? time extensivc^ly used, and which is known as the Manchestc.'r iyp(‘. It 
is essentially the C type doubled, 14'iving a very solid and compact design. Ironclad 
dynamos illustrated in 283 have the maj^maic circuits complet(‘ly encirclint^' th(‘ 



Fii*;. 280.- SIv-po!<» Dynamo by ScInuMcln- iS: Co., of Lc 


machine. ()win<^' to th(‘ leakai^e of the mai^netic lines, whic!h is ofuai consi(l(‘rable, 
dynamos of this type^ are not now generally favourc'd. 

'I'wo diagrams an^ ^iveii to illustrate the use of two or mor(! pairs of poUvs. In 
fi^'. 280, the pole pic‘C(bs with their coils are sIkjwii bolt(*(l to the cast- steel framf*work 
which s(a'V(!S as a majrnet yoke. The armatun^ rotates within tlui curved poh* shoes. 
It will be noticcal that the adjacent poles are of opposite i)olarity, so that the magnetic 
flux has the smallest possil)le path throuijh the armature core. .Siemens and llalske, and 
others, have constructed machines in which this arranc^ement is inverted. In machines 
of this kind, known as internal-pole dynamos, hij. 281, the armature is stationary while 
the poles, together with the armature brushes, are rotated. Several examphts are j^iven 
of actual machines designed upon these various systems. 

• Fie*. 282 illustrates the overtype dynamo. 

Fio'. 2S3 shows the ironclad type of dynamo, which is now rarely used. 

F^igs. 284 and 285 show variations of a type introduced by Schuckfrrt and much 
favoured for a considerable time on the Continent. The armature is of 
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th(! disc tyj)(^ with the pole pieces facing both skl(‘s. Owlnj^ to the com- 
paratively e\[)ensivc nature of the design, dynamos of this type are now 
nev(!r built. 

In the illustrations, fiu's. 286, 287, and 288, several multipolar machines with six, 
ei^ht, and ten poles are shown. 

A six-pole machine by Schneider C.o., of Le Creusot, is shown in 289. The 

lart4e armaturt! surface is required to carry the heavy current which this 
particular machincr is desi;^n(!d to produce*. 

ALTERNATING-CURRENT GENERATORS 

Wdien a current is transmitted aloni^ a wire, as, for example, wh(*n the current 
sup[)lied by the |n*(*nerators is carried to distant motors, a certain proportion of the! power 

is wasted in heatino* the transmis- 
sion cables. I'hc pow c^r lost is eejual 
to the%]uare of the curremt ivulti^ 
plied by the resistaiua* of th(! live 
vvir(?s, that is, watts lost == C'“ R. 
To reduce this loss the live resis- 
tance R mio'ht be decreased by 
increasing* th(! section of the copper 
wire if th(; price of copper were not 
l)rohibitiv(‘. The remainintj alter- 
native is to decrease the quantity of 
the current C, and to do this with- 
out redu(?in;^ the power transmitted 
the voltage must be correspondinejh' 
increased, since the power in watts 
— voltage X current. In practice it 
is (juite customary to generate th(* 
current at a |)ressure of 6000 or even 10,000 volts for transmission over a distance to sub- 
stations, where the pressure is low(*red to suit the motors, lamps, or other . plant to be 
driv(ai. In a continuous-current dynamo the total pressure is di.stributed over a number 
of the armature conductors, and tht'rcfore between adjacent conductors and armature 
sei^inenls there are certain differences of potential necessitating careful insulation whtm 
the total voltage is considerable, b'or such high voltages alternators are used, as it is 
easier t(^ design them to overcome these objections, and to dis[)ense with troublesome and 
expensive commutators. At the terminals of a continuous-current machine the.* current 
flow’s steadily in tlui same direction, and this is due, as already explained, t(» the use of 
the commutator. When a commutator is not used the current flows alternatc‘ly in 
opposite directions, and fluctuat(;s continually from a positive maximum value through 
zero to a negative maximum, as has been already explained when describing the simple 
magneto, big. 290 shows diagranamatically the arrangement of the field and armature 
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coils, and the directions of the induced currents. In this particular case the field-magnet 
poles are arranjrcd around the shaft 8. Several of these, 3, 4, 5, 6, 7, are indicated, 
the remainder being omitted for clearness. 

By suitably winding the magnet coils each 
pole shoe acejuires a polarity opposite to that 
of the adjacent pole, so that the armature 
coils I, 2 in passing from 4 to 5 have the 
direction of their induced current reversed. 

'I'hose parts of the coil cutting the field of 
the south pole 4 have the current flowing 
away from the shaft in the diagram, whih; 
in the parts of the coil cutting the north pole 
5 the flow is in the opposite direction when 
the rotation of the coil is clockwise as in- 
dicated. From the arrows on the conductors 
it will be seen that the direction of the flow 

is from the ring 9 ihrougll the coils to the ring 8. Contact brushes 10 and ii, 
rubbing on these slip ring.s, allow the current generated to flow in th(“ e.xternul circuit. 
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Fig. i!y 2 . Diagram of Hi pliiTst* Alternator 


Fig. 2y3. — Diagram of Tlirec-phase Alternator 




In crossing from side to sidt; of one pole the current increases from zero to a maximum 
and then falls to zero, then when crossing the succeeding pole of opposite polarity the 




Fig. 2y4.-*-'rhrcc-pliasc Mfsli or Delta 
(.‘onntetion of Coils 


l ig. 295.— Mosh-connccicd Annaluro 
Coils 


current again increases to a maximum and falls to z(;ro, but the flow is in the opiK)site 
direction, that is, for each pair of poles there is one reversal, and tlu.Tefore if eight 
poles are arranged around the circumference there will be four reversals during each 
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n^voliiiion. Other coils similarly arraiv^cul over the remainiiiu;' poles would in the same 
way send currents through the rinys cS and 9 to the external circuit, and if the relative 



positions wetre identical the iiuliiced curnaits would he all of the same value at the 
same instant, that is, they would rise and fall together and he of th(! sanuj phase. A 



rig. 299. — Thrcc-pluisc Gcncratur, 105 H.P. 


current of tin; kind just described is known as sinj^lc phase. It is possible, if desired, 
to connetl the coils in series as alreaily e.xplained in the case of the continuous-current 
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dynamo. Suppose now a second series of coils is arranjvetl in advance of the first set, 
and (Mitirc;ly separate from it, so that when the one current is at a maximum the current 
in tile second set is at zero. Fi_n'. 291, which explains the action diaj^rammalically. 
shows the variations in the voltages as the coils pass over tlu; pairs of poles. Curve 1 
shows the variation in the first s(!t and curve; II in the .second. At position 0", when 
curve I has a zero value curve II has a negative; maximum. At 90". current I has 
risen to its positive; maximum and II has he'eetme zerei, anel sei em. Tlie two curves are 
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displaced as it were by quarter of a complete; cycle or period. Alternators arrani^f'd 
in this way are called two* phase or bi j)hase. 

Similarly, when three separaU; sets of coils are arraiv^crd sej)arated by one-third 
of th(; distance between similar poles, the alternator is said to be tri-phase, or ptjlyphase 
when three or more than thre(; sets t^f coils aa^ used. 

Each complete cycle of th(; current is called a period, that is, for each |)eriod the 
current })asses from one value through all ihf* intermediate |)ositiv(; and negative sta]L;es 
to the same value. I'he number of j)eriods per second is called the periodicity or 
frequency, usually symbolized by the hotter As already (explained, the [)eriodicity 

of a machine depends not only upon the number of revolutions [)er .s(.*cond, but also 
voL. n 
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upon th(! nunilxT of p.iirs of nortli and south poles; for (example, the [)cn()dicity lor a 
two-pole machine (oiur pair) e(iuals the number of revolutions R per second, that is, 
// = R; \\hil(‘ for an eiL;hl-i)ole (four })airs) machine )i - 4 R. When the frequency 

approaches So, alternating' currents can be used for liehtiny as well as traction, since 
ihr. Iluctuations arc* so rapid as to be unnoticeablc*. The term [)hase is used to denote? 
the condition of the current at any moment, for example;, one current differs in phase 
from another vvh(*n tliey pass tliroui^h correspondiin^' values at diflerenl instants. In 
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a bi phase alternator the tw(j currents pass through the s*ime condition at an interval 
of ([uarter of the period. Fi;^. 292 shows diat^rammatically the essential parts of a 
hi [)hase alternatf^r. Magnetic lines of force are generated bv a continuous current 
circulating* around the; field magnets, and (low from north to south throuoh the armature 
rinti* t:or(‘. Sujiposc' two armature coils 1 and 2, or, for sitnjdicity, two ring’s cjf wire, 
are arran^cul on the armature; in the redative; positions indicated, then as the armature 
rotates th{; currents generated will differ in phase by one quadrant. To collect these 
biq)hase currents it is only necessary to C(3nnect the ends of each coil to separate pairs 
of continuous slip uj/on wiiich the; four brushes bear. From the; machine four 

separate lines will therefore [)ass to the outside circuits. 'I'hreeqihase currents may 
be similarly obtained it the two coils are replaced l)y three coils arranged at equal 
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distances around the armature ring. It is sufficient, as shown in fig. 293, to make 
the ring coils continuous and to take lappings from positions 120 a})art to lhrc‘e slip 
rings upon which the brushes bear and from which the live wires carry th(; curnaU, 
each wire carrying one of the three phases. 

Whether for two-phase or three-phase alternators the armature coils may be groui)ed 
in either of two ways calked mesh or star connection or in a combination of these. 

Fig. 294 shows the mesh arrangement for a three-phase armature, whil(‘ lig. 295 
shows the same winding in place upon the armature ring. The threat s(‘[)arat(.‘ windings 
1, II, and III form a continuous coil with the lines ir, A, H, r, C connected to e(|ui- 



V 




Fig. 302. Section of Sieim.'ns AUeinntor with Coiilinntdis-ciirtefii MeM l‘\» ifer 

distant points. When the coils form a ck^sed mesh In this way they are said to be 
(/e//a connecunl. The star arrangtanent is similarly illustrated in figs. 29O and 297. 
Here the ends of the thrive coils a, h, c arc' conne('t(‘d togetlKu* at O, whik* Irom tlie 
free (aids the live wires pass as befor(\ Coils joiiu'd together in this way are said lo 
l)e Y connected. 

In the mesh arrangement tin* voltage between any |)air of live wires is simply 
the voltage generated in the coil b(‘twcen them. I his. however, does not hold lor 
the delta arrangement, as may be seen from consideration ot figs. 296 and 29S. Ikaween 
A and H the diffia’ence of voltage is determined by the coils ( ), and ( ), /^ which 
generate currents differing in phase by 120“. I he voltage between the lines will be 
the resultant of these two. To find this resultant irom a point (), lig. 29(S, draw i),a 
to re{)rCvSent in direction and value! the voltage in the coil O, ff, and draw' ( ), /> to 
represent the similar values for the! coil O, by then the re*sultant (.), c - ef, b re[)re^sents the 
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voltai^c' between the liiK^s; 

I ’o". the resultant sliown e(jnals It 



•'•K Aiin.iHiic and litld Lainin.itions, with Slots 

fur AnnaUiic ColI^ 


(1.732 I^) \vli(.‘r(^ li is the value for each 
of the coils. Allernalors may he constructed 
with the I)ol(^s fixed and the armature rotat- 
iiv^ within th(‘m as showm in th(‘ illustration 
299) of a three-phase machine. In this 
case th(‘ three rirmature circuits are con- 
nected to three insulated slip rint^s upon 
which the brtishcs rest. Continuous current 
must he supplied to the maj;net coils, sinct* 
the magnetic ri(*lds must always have a con- 
stant direction, and this involves the use of 
either a s(*[)arate continuous dynamo g(mer- 
ally calked an exciter, or of some means of 
rectifying a portion of' the alternating cur- 
r(-‘nts developed hy the main machine. In- 
stead of having the magnet coils fixed, the 
armature may be*the stationary portion while 
the magnetic fields are rotated as shown in 


the illustrations (figs. 300, 301, 302, 303). 
Th('. continuous current is supplied hy two 
sli[) rings to the magiu't coils, wdiile the three wires of the external circuit are connected 
directly to tlu* thrtu.* windings of the stationary armature. For large alternators this 
arrangement is very convenient and is most frequently adopted. The armature itself, 


thus for phases separated each hy oiKsthird period, that is, 
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will produce! ii inao'iK'tic flow as indicatc^d by the* arrow through the arnialurc' coil core 
and through the iron of th(! rotor. Hach time the projections on the rotor come opposite' 
a ])air e)f armature coils a path is pnjvide'd lor the flow of the mai^iutic lines induced 
by the stationary maj^iK't coil. In practice the projectie)ns are! laminated to [)rev(tU 
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the formation ejf waste? currents in 
the iron of the core's. A three- 
phase induction mole)!* is illustrate^d 
in fio'. 311 . 

Electric Motors. Con 

tinuous-ciirrent dynamos may, with 
the* addition of a suitable starting 
switch, be made' to st'rve? as motors, 



re‘e:e*i\’ino the? current from a jLi'cnerator and conve'rtinj^’ it into rotary motion. 'To some 
extent an altt‘riiatinjLi*-curre*nt Ljene^rator may also be used as a motor, but the! action is 
more. comj)lex and re^ejuires some further consieleralion. 

Rotating Magnetic Fields. A very close analoi^y exists betwec!!! the mechanical 
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arrangeineiu of throe reciprocating pistons acting upon a common crank, as in llie brother- 
hood engine, alre<ady described in the article upon the steam engine, and between the 
arrangement of three coils, sj3iic(!d 120° apart, in which currents differing in phase by 
one-third period circulate. Rig- 312 shows such an arrangement, and fig. 313 ^ 
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(liai^Tam of llic Hold iMt(‘iisiti(*s at any particular moinont, from which the corr(‘S|)ondin!^ 
resultant magnetic field may he determined by lesolvinin the values of each of the three 
fuTls into components aloni;* two axes OX and ()\ and then findinv;' the resultant. 

Coil (f in fiLt- .>12 will produce a horizontal magnetic flow, and its direction may lx- 
represented by a liiu? i)(f in I'il;'. 313. Since the current, and thei'efon? induced 
magnetism, lluctuaU^s in th(^ way represented by the curves in fio-. and sinc(‘ this 

( urv(* ma\' be taken as a siiur curva.*, or more !L;enerall\’ as a combination of sine curves, 
the valiK! of the mat^iietic ficild at any instanl may be taken as V sin 0 , wh(‘re I^' is the 
maximum intensity and 0 is the? anj^l(! of the phase. O, thei*(‘for(‘, resolvaal aloiit;’ 
th<^ axis ( ) .\ is at any position ot phase (.‘([ual -f b' sin and zei'o alon^' ( ) V. Coil 
// induces magnetism alon;^ the dir(*ction ( ), /^, and since the current in coil dilfers 
in |)has(‘ from that in u by 120 , its valiu! = V sin — 120''), and its com[)on(‘nts alon^' 

OX and ()Y resp(*ctively are — I' sin {0 — 120“) cos 60, and — V sin (0 — 120) 

cos 30 ’. Similarly the field induced fry coil c is r(*pr(‘S(‘ntal)le by the line O, c, and 
has a valu(‘ b' sin {0 — 24(2 ), since it differs in phase from the first field by tw'o-thirds 
period, that is, rj x 360' = 240’. 

Its components alon^' the axis ant — b' sin (0 —“240*) cos 60, and -I- V sin 
{0 — 240 ) c'os 30. 

Addim.;' the values aloni; tin* axis () X the resultant is - b' sin 0 — b' sin — 120 ) 

('OS 60' — 1 ^' sin (0 — 240) cos 60' = i] b" sin 0 - X. 

Similarly the components aloiiL;' the axis (jf V b' sin — 240") cos 30’ — 1 ^ 
sin *— 1 2(.) ) ('OS 30° •= ii b' cos 0 — Y. 

It R ^ resultant = \/X“ -f Y“ (sin“ 0 4- cos“ 0) = I\ and in direction 

is as shown by the liiu* O R, making* an an^ie 0 with the axis of Y; sinc(! th(! c()m[)oiu.‘nt 
ol R alon!4‘ ( ) \" must e(|ual i] b' cos 0 ~ R cos 0. 

.Since incr(*as(*s uniformly with time throuj^hout (‘a('h period, it follows that nol 
onl\’ is th(‘ resultant field [)ro(luc(*d by th(! thre(*-phase alternatiiiL;’ currents constant, 
bein|4 ecpial to i! the maximum valiK! of any one of th(; fields, but also tlu* resultant 
lield rotates with a constant anj^ular velocity. 

I^y a similar method of reasoninj^* it may be shown that for polyphase currents, 
sa\', lor // phases circulating* in coils symnK‘trically grouped, th(? n'sultant field will lie 

(*(|ual to ^ (valu(‘ of field produced by om^ [ihase). 1^'or two-phase alternators the 

resultant field - that is, th(; resultaiU field has a constant value ecjual to th(‘ 

maximum field of either of ihr. phases. 

Ih'fore descriliini^ th(* way in which these rotating* magnetic fuTls are employed 

in motors, it is n<‘('(‘ssary first to explain thc^ action of synchnjiious motors, so called 

Irom the fact that tlu* s[)c‘ed of rotation must agrea; with the -I'laaiiumcy of the alternating 
current supplied it th(! motor is to run continuously. 

Instead of rotating the simiile armature illustrated in fig. 315 betw(aMi the constant 
jioles of an (T'ctromagnet, as was [ireviously done to produce an alt(Tn,iting single-phase 
current, sup[)ose that this current is applied to the armature* as indicated by the arrows 
while a continuous current llows through the magnet coils. During one [)hase of the 
alternating current the armatun* will tend to rotate in one direction, but owing to its 
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inertia ‘the current will be in the opposite phase before any rotation takes place, that 
is, the inertia of the armature is too great to respond quickly enough to the rapid 
changes of the field reaction. If, however, the armature could reach the vertical 
position before the change took place it would then tend to rotate in one direction. 
By rotating the armature mechanically until its rotation 
synchronizes with the fluctuations of the alternating cur- 
rent. the armature will then continue to rotate unassisted 
and against an external load. 

A great disadvantage of the single-phase syn- 
chronous motor is that it is not self-starting, though 
special arrangements have been devised for making it so. 

It must be first rotated mechanically or electrically b) means 
*of a separate continuous current winding until a speed is 
reached which corresponds with the frequency of the 
current and the number of poles on the motor. When 
the synchronous speed is reached the load can then be 
gradually applied. There is <he further di.sadvantage common to all tln.se synchronous 
machines, whether using single or polyphase currents, that the field must be excited 
with continuous current from some sef)arate machine or .s[)ecial armatmx' winding. 

Currents of two or more phases circulating in coils wound upon an armature produce 
rotating magnetic fields which may be utilized to obtain the desired s(>lf-starting projjerty. 




{») 


Fig 3l6.'^DiaKram of Three-phaJ>e Alternator connccU-d to Thimphnse Synchronous Motor Stalion.iry Armature 



Whfen three-phas^ currents are used, the rotating field Ls stronger than with the two- 
^hase, and there is a better starting torque, otherwise the principles involved are the 
$ame, so that it will be sufficient if the action of a three-phase .synchronous motor alone 
is describfed. In fig. 316, a is the armature upon which the three coils are wound, the 
difec^on of the winding being the same throughout as already explained. Each of 
three live wires shown connected to the coils serves to carry to the motor a current 
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which differs in phase from the others by 120“. Within the armature the field magnet 
A, B is rotated mechanically, so that its magnetic field induced by the continuous current 
circulating in its winding cuts the armature coils consecutively, and induces in them 
the three currents of different phase. 'Fhis armature and field constitute the alternating- 
current generator. An e.xactly similar arrangement of parts serves as the motor. When 
corresponding live wires of both are connected together, and continuous current is supplied 
to both field magnets, a magnetic field is established which sweeps uniformly around 
the armature and reacts upon the constant magnet field. Arrows placed on the coils 
in the figure denote the directions of the flow. Since the flow in the motor armature 
coils is opposite to that in the generator it follows from Lenz’s law that the motor field 
magnet will tentl to oppose this, and that it will therefore rotate in the same direction 
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as the generator. Though the motor is self-starting it has not at first a sufficient 
starting torque to carry any load. The load can only be carried when the motor has 
reached its synchronous speed. Continuous current for exciting the field magnet may 
be derived in various ways; in some cases from a small supplementary continuous- 
current generator, or from special coils and a commutator on the motor itself. Fig. 317 
shows the same arrangement of three-phase generator and motor, but in this case the 
field is stationary while the armature revolves, three sets of slip rings and brushes being 
supplied to carry the three-phase currents instead of, as before, only two .to carry the 
field-magnet continuous current. 

Synchronous polyphase motors have the advantage over single-phase motors 
which cannot make use of rotating magnetic fields in that they are self-starting, but they 
do not start when the motor is loaded. 'I'his difficulty is overcome in asynchronous, 
as they are usually called, induction motors which dispense with the field magnet and 
continuous-current coils. The rotating portion has currents induced in it by the rotating 
field of the stationary portion which carries the phase windings. These induced currents 
set up a magnetic field which reacts on the rotating magnetic field, and .so produces 
the turning motion. If in an ordinary continuous-current dynamo the armature circuit 
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is completed and the field majrnets are excited, a rcrsistance will he felt when it is 
attempted to rotate the armature by hand, the reason beinjr that as soon as the dosed 
coil on the armature is made to cut the lines of the magnetic field a curomt is generated 
in it. 'I'his induced current gives rise to a magnetic field which reacts on the primary 
magnetic field and resists the rotation, that is, the mo\able portion tends to preserve 
its original position relatively to the field magnets. The conversi-, therefore, holds, 
namely, that if the field magnets are rotated the short-circuited armature would follow- 
after it in virtue of the magnetic nsictions of the primary and the induced magnetic ladds. 
When polyphase currents arc used in suitably arranged coils the resulting magnetic 
effect is the same as if the poles of a j)ermanent magnet were uniformly rotated. Instead, 
therefore, of actually rotating a field magnet (excited by mixins of continuous current, 
a similar effect may be obtained by the use of a rotating magnetic liekl acting ui)on a 
short-circuited armature. In speaking of induction motors the tc.-rms rotor and stator 
are used to denote the rotating and the stationary portions, since the terms armature 
and field magnet are not wholly applicable and lead to some confusion. .Sometimes 
the .stator is called the primary and the rotor the .secondary portion. Most fnsiuently 
the ;itator is the portion in* which the phase coils are wound, and the rotor the self- 
contained mass in which the currents that r(“act upon the rotating field are induced. 
This gives a more substantial form of machin(^ since th(;re are no lirusln^s or slip rings, 
and the fine wire coils, being stationary, are not subjected to centrifugal forces as they 
would be if the arrangement were reversed. There exist disadvantages of com])aratively 
minor importance, in that the stator, having the larger diameter, involves a larger (luantity 
of expc;nsive material and the magnetic leakages are greater. 

Considering again the case of a short-circuited armature rotatcxl in a magnetic 
field, the resisting torque will increase the greater the; relative motion of the ficKl and 
closed coils, that is, the greater the rate of cutting of tin; magnetic lines by the coils. 
If the rotor moved at tke .same .speed as the rotating magnetic field the rotor coils 
would not cut any magnetic lines, there w'ould therefore be no induced currents ami 
no torque. Only when the rotor lags Ijehind is any torejue exerted, and the greater 
the lagging the greater the torcpie. I'his difference in speed betw('(;n the rotating 
magnetic field and the rotor, upon which the tonpie depends, is known as the sli|.) of 
the motor. In large motors the slip is about 2 per cent at normal load, lajt in very 
small machines it may reach 10 per cent. From what has been saiil it will be evident 
that induction motors, besides being self-starting, have the great advantage ol lieing 
able to start while under the load, and further, as the load is increased within certain 
limits, the slip of the rotor increa.ses, and the motor tongue adjusts its<-lf to meet the 
increase of the demands upon it. 

No feature of the stator calls for detailed description. Usually the .s(;ts of coils 
consist of insulated and suitably -formed copper strips insert(xl in the inner surface- 
slots of the stator laminations, as in the case of the alternators already described. The 
rotor, on the other hand, requires some explanation. Originally it consisted simply 
of a copper cylinder, to which was added a soft -iron core to increase the? magnetic 
properties. Currents induced in the copper sheathing wen?, at a later dale, cemstrained 
to move in definite directions by slotting the copper. Phis suggested the pres.jnt-day 
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development of eoppetr hars inserrted just beneath tht; surface of the soft laminated iron 
core. 'I'hc. coppc;r bars an; in many types joined at their ends by heavy continuous 
copper riiiLjs, ^ivint^ the rotor an appearance which has sugjjjested the generally-used 
name “ .S(juirrel f 'age ” (fig. 31S). 'I'he cop|)cr bars provide circuits of small resistance 
for the l.irgi; induced currents, while the soft-iron core provides the best possible 
magnetic circuit. 
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Many arrange ments of the copj)cr bars may bo ado[>tocl to suit special circumstances. 

Instead of beini>' all placed in paral- 
lel, they may be j;Touped in sets 
or connected in series, and wound 
either accordintr to tlie lap or the 
wave method. Some such arrange- 
ment is necessary to prevent dn 
(‘xcessive How of current when the 
motor is standing and the supply 
is switched on. Under normal load 
conditiV)ns the torejue is directly pro- 
portional to the slip and inversely 
pro[)ortional to the rotor resistance. 

When the rotor, on the oth(*r hand, 
is about to start, the torcjue is dirc.'ctly proportional to the rotor resistance. IJy winding 
the rotor with three coils connecU^d in the star fashion, and by inserting adjustable 
resistances in tlu^ circuits, the starting torque may be increas(.‘d without increasing the 
Ilow of current. iMg, 319 shows a diagram of the conn(u.aions, with the three rotor 
windings connc^ctcd to slip rings on the shaft, and with suitable resistances in scries. 
When ihc. motor is stoppcnl the resistances are all in circuit. As the motor speed 
increases the resistanc(‘s are cut out, and when the noniTal .speed is reached the 

whole winding is short-circuited by the in- 
sertion of a ring which connects the coil 
ends together. Unless starting resistances 
are used, the How of current on starting 
may be from six to eight times the normal 
demand, and such a flow of current would 
in practice cause serious variations of volt- 
age in the supply mains. A further advan- 
tage of the induction motor is, that when 
the rotor for any reason is made to rotate faster than the rotating magnetic field the 
action is nwersed, that is, the rotor offers a resistance to the motion and generates 
currents which pass back into the supply mains, that is, the motor acts as a generator, 
b'or this reason induction motors are very suitable for traction work, since when the 
train or car commences to gather speed, as when descending an incline, the motors 
act as brakes, absorbing in a useful way the kinetic energy developed, and pumping 
it back into the mains. 

Polyphase currents are universally used when the energy requires to be transmitted 




POWER TRANSMISSION 


45 


over a considerable distance, as, for example, in any traction installation. 'I'o reduce 
the cost of the copper cables nece.ssary for the transmission of a delinitt; power, the 
voltage must be increased in order to decrease the current to be carried. A usual 
voltage for transmission in practice is about 6000, but much higher vulias^es have; 
been adopted for long-distance transmission. At this high voltage it is found necc^ssary 
to dispense with such complications as commutators and to transmit the original alter 
nating current. There are oth(;r advantages which determine the use of alternators, 
chiefly in the better insulation obtainable. Tn a traction installation the high-voltage 
currents are u.sually reduced in pressure at .sub-stations near the place where the 
power is to be utilized. 'Phis is done by means of stationary or static converters, 
which consist simply of two supcjrposed ljut entirely se[)araled windings, one consisting 
of many turns of fine wire, in which the high-voltage small curremt flows, and the other 
consisting of fitwer turns of heavier, in which the larger current at the; lower voltage 
circulates. Only alternating currents can be transformed in this way, since the trans- 
formation results from the cutting of the secondary coils ;is the primary current rises 
and falls. There is thus the great advantage in the use of alternating current, in that 
its yoltage may be transformed either down or up to a lower or a high(a' pressure 
without the use of any moving machine. In practice for, say, a tnimway installation 
the voltage may be transformed in this way down to about 600 volts alternaiing. If 
the tramway motors are of a polyphase type the current may be supplied directly, 
but if continuous-current motors are used there must be a further transformation from 
alternating to continuous to make the current suitable. I'his is gcmerally effct:tt;d 

by means of rotary converters, which comprise two machiiU!S on the; one shaft, or it 
may be one machine with two windings. The one machine has slip rings and runs 
as a motor driven by the alternating current, while the other machine on the shaft is 
fitted with a commutator and generator continuous current at the (ksigned voltage, 
say, for traction work, about 500 volts. Polyphase motors have, in common with 
continuous-current motors, the features of supjdying power in a convenient form, while 
the motors an; small and light, easily start(;d, and not noisy, and they do not require 
constant attention. 

Single or monophase motors have the disadvantage, compared with [)oly[)hase 
motors, that some supplementary starling device is reejuired, either some s(;|)arate 
machine or some such artifice as phase splitting. 

Comparing polyphase asynchronous motors with single-phase synchronous 
motors the practical advantages are largely in favour of the former. 

1. The single-phase motor requires only two win;s as against thr(!e required 

for three-phase motors, but the weight of copper reejuired for the trans- 
mission of a definite quantity of power is less in the polyphase system 
than in the single-phase. 

2. Polyphase motors are self-starting; single-phase motors require some separat<- 

starting device. 

3. The speed may be regulated, when rotating magnetic fields are employed, by' 

means of variable resistances in the rotor circuit. 
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4. j V)ly|)li;isc motors h;iv(! ;i superior efficiency. 

5. It is possible to overload a i)olyphase motor without any ill effects. This 

is not so with the single-phase motor, in which the sudden application of 
cv(!n th(‘ normal load may i)Ut the motor out of step with the current 
j)hase and cause it to stop. 

Com|)arim^ polyphase with continuous-current systems the advantages are still 
more marked. 

1. 'rh(! poly|)has(* motor involves only a static transformer, which gives increased 

(!conomy. 

2. 'riui (‘conomy of copiier is gn^ater than in either a continuous-current or a 

single-phase installation. 

'rh(! cost of upkee|) is much less. In the continuous-current motor renewals 
of the hnish(*s and repair of the commutator involve considca-able ex- 
penditure, (*s])ecially when the motor is subjected to sudden variations 
of tlu^ load. Cost of suj)(!rvision is also k^ss, especially in view of. the 
al.)sc‘ncc; of any brushes or commutator. 

4. hor motors up to 20 h.p. a starting switch is not nc^cessary. Such switches 

are indis[)ensabl(‘ for any continuous-current motor. 

5. Allh(.)ugh the voltages used are generally higher, a [xdyphase motor may be 

subjected to sudtkm reversals. This is not possible with the continuous 
motor. 

6. d'h(! (dhciency is about two or three per cent higher. 

There; is one limitation to the use of alternating currents, namely, that they cannot 
be us('(l for the chcanical transformation of energy, as, for example, the storage of electrical 
energy by means of accumulators. They are also not available for such proc(;sses as 
(electroplating, the; reason being that any chemical action produccxl while the current 
is in oiu; direction is revers(;d when tile current flows in the ojiposite direction. The 
chcMiiical action during one phase is ncutrali/'cd during the next. 
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GAS AND OIL ENGINES 


THE HISTORY OF THE GAS ENGINE 

In 1678 the Al)b6 hL'ntefeuille, in France, invented an en![>ine in which the 

gases developed by the explosion of a grain of gunpowder were utilized to drive a 

{)iston against a resistance. Essentially the gas engine in its present-day form is an 

explosion engine, although the forces exerted by the hot gases are not so sudden or 

violent as those {)roduced in the cylinder liy the; explosion of gunpowder. 'I'wo years 

after the publication by the Abbt^ of his memoirs on The Raising of ll 'afcr by Means 

of (jitnpoxvder, the Dutch scientist Iluyghcns published the results of his investigations. 

In these memoirs he described the first engine mad(; by him, which consisted of a 

cylinder and piston with two pipe connections and leather valves. I'he exphision of 

the powder in the cylinder drove the air out through the leather valves, which prevented 

its return, and the piston ^as then driven down by the excess of the (txternal atmospheric 

pressure. No results of .any promise were ever obtained from the engine, anti the 

difficulty of dealing with the enormous forces developetl by the explosion led Papin 

to experiment with a view to finding some less violent and more certain working 

substance, which would at the same time give a more perfect vacuum. .Similar (s\[)eri 

ments made by Bl^sois and later engineers led to the dt'velopmenl of steam .as the 

working substance, and the great practical improvements effected by XVatt and his 

successors establi.shed . the steam engine in the favour of engiiK.a-rs to the com|il(tte 

exclasion of all other kinds. It was not until 1791 that the atmosphere-gunpowder 

engine idea was revived and that ccat.ain improvem(;nls upon die 1 lautehtuilh; and 

Huyghens engines were proposed by an Pbigli.sh engineer, John Harb(;r. In his patent, 

which is of the briefest description, he claims the use of a mixture of air and gas and 

its ignition in an explosion chamber. .Several years later, in 1794. anoth(!r British 

patent was granted to Robert Street, “for the production of force from inllamm.ible 

vapour by means of liquid and air, fire and fianK;, for' the purpose of setting in motion 

engines and pumps”. Street’s improvement consisted in injecting petrokaim or other 

inflammable liquid into the bottom of a cylinder and there vaporizing it, the pressure; 

thus developed being then utilized to drive the working piston of the cylind(;r, 
vou 11. 4 » 
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I'liilippc F.f'hon of Brachay (Haute Marne;), the creator of the iras-lighting' inlUistry, 
inav lx- ^aid to cfiiially share the honour of having originated the gas engine, because 
in iy<)i) a patent was grant(;d to him for the use of gas in the production of power, 
rile value of gas as an illuminant seems to have been, in the case also of this gifted 
inve ntor, a (luestion of secondary importance. Two years later an additional patent 
was granted to him, whenan he very clearly described it method of electrically igniting 
the vapour by means of current deriveil from a machine driven by the engine itself, 
and also tht; use of a pump for compressing the mixture of gas and air before the 
explosion. Had the unfortunate inventor not been assassinated in 1804, the practical 
introduction of the gas engine would most probably have dated from the commencement 
of the ninet(;('nth century instead of from a period .sixty yc'ars later. 

b'rom the year 1799 to i860, when the first gas engine of nial practical value was 
introduK'd, many more or less ingenious arrangements were projxised. Those of Welman, * 
Wright, Johnston, and Barnett may be citt;d as of the greatest interest. 

Wright's engine was particularly well designed and constructed. It was a vertical 
double; at ting engine arranged to drive; the crank directly, and the gas in the cylinder 
was ignitc'd by a hcxite'd g;is tube. Air and gas mixed ;n the proper proportions for 
combustion were supplied to the cylineler by a pump controlled by a centrifugal governor 
driven by the engine;, anel in this way the gas supply was varied to suit the; s[)e.;ed 
or power rerjuire;el. (a)nsiel(;ring the rudimentary state of the gas engine in 1833, 
Wright's conception was e)f a remarkably ingenious nature, and many engines of the 
pre;sent elay are; not in all re;spe;cts so well designed. It is surprising, therefore, that 
the introeluction of the engine was not successful, but doubtless the indifference of 
engineers to the system was elue to the high favour in which the steam engine was 
held. 

Iohnste)n’s e;ngine was also elouble-acting, but the energy was derived from the 
combination of two volumes of pure hydrogen with one of oxygen. When ignited, 
these, two gases combine to form a small volume of water, and in consetiuence of the 
great reduction in volume a vacuum was formed under the piston. At the same time 
the upper side ol the piston was exposed to the; pressure of an expanding gas, which 
drove th(; piston into the cylinder. Although the idea w'as of a most ingenious kind, 
its [)ractii:al ap])lication was, and is still, impossible, owing to the cost of producing the 
two gas(;s oxygen ;ind hydrogen. 

William Barn(;tt, who was granted a patent in 1838, revived the idea of Philippe 
l.ebon. His engine comprised two pumps, one for the explosive gas and the other 
lor the air, and a working cylinder into which the mixture was forced by the pumps, 
bor th(; ignition ol the mixture a gas jet enclo.s(;d within a continuously rotating .shield 
was placed at the end of the tylinder. When the aperture in the shield was directed 
outwards a small external |)iIot flame ignited the gas Jet, which in turn exploded the 
cylinder charge; as soon as communication with the cylinder was again opened by the 
luither rotation of the aperture. I he use of a pilot flame was found to be necessary, 
as the force ol cac:- e.c^.lus.o.i e.xtinguished the gas jet. This was the first instance 
of the use eif a carrying flame under pressure, the principle of which has since been 
employed by many designers under improved conditions, 
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In the succeeding years a number of patents were grantc*d for iiii[)ortant im[)ro\e^ 
mcnts of the gas engine. In 1844 John Reynold made i]s(* ot a platinum win*, brought 
to incandescence when required by means of an electric batter) , and placed in the course 
of the gaseous mixture for the purpose of automatically controlling tin* (inu* of ignition. 
Stc[)hard, in 1850, substituted for th(? (.‘lectric battery an (‘lectromagnetic machine driven 
by the engine itself, and in 1857 Barsanti and Matteucci descril)ed an atmospheric engiia* 
which at a later date was revived by Otto and Eangen. d'he mixtunt was cxplotUnl 
by electric sparks formed between two platinum [)oints surrounded by the gas, and for 
the production of the s[)arks a Bunsen battery and induction coil were used, d'wo 
patents were granted to Degrand, in 1858 and 1859, for an engine in which th(* charge 
was compressed in the cylinder itself, but the nuahanical arrangements propc^sed were 
.of an impracticabki nature*. Until the ai)pearan(:e of the Lenoir engiiu*, in iSbo, there 
was no engine of the kind capable of working continuously under actual industrial 
conditions. 

The Lenoir gas engine, built l)y Marinoni, res(*ml)led in outward apj)earance a 
horizontal double-acting steam engine. Explosion of the mixture was effe( ted b) 
(dectrjc sparks produced beAveen i)latinum [)()ints by the high-pressuia* discharge* of 
a Ruhtnkorff induction coil and battery. At first it was thought that the Lenoir gas 
engine would entirely superstide Watt’s sU^ain engine. Its working was (ontinuoiis and 
regular, the cost was moderate, no boiler or skilknl attendance was recjuired, and the 
cost of installing the plant was considerably less; but after tin* first enthusiasm tlu* 
inherent difficulties of the system were to some extent realized, and for some time, as 
a result of the reaction of [)ublic oj)inion, the value of the idea wds unjusll)' de[)r(. i iated. 
Compared with a steam engine of (!(iual power, the upkeep ol the gas engine was loiiiul 
to be considerably greater, and thc! consumption was as great as 100 cu. ft. per horse 
power-hour. Four times as much water was used in the cylincU*r jackets ol the gas 
engine as in the condensef of the steam engine; and, lastly, a contimioiis and abundant 
supply of oil was essential to ensure continuous running. Th(* delects wert! consich red 
insurmountable, and, after the first favoural)le reception, it was abrindomd by all the 
users by whom it had been installed. Encouraged by the lirsl success ol the Lenoir 
engine, considerable att(*ntion was given to the subj(!ct by other investigators. ()ne 
of the first of theses, M. Ilugon, introduced in 1862 an (mgine built according to his 
patent of i860. After the explosion the cylinder was cookal by the injection ol a line 
spray of cooling water. FTom experiments inadci with the engine by M. I resca the 
consumption of gas appears to have been 86 cu. It. [)er horsopowaa* hour. As .1 result 
of the injection of cooling water the temperaturr; ol the exhaust gas(*s was 186 ( ., as 
compared with 280° in the Lenoir engine, and the upkeep of the engine was thereby 
very considerably improved. 

Several arrangements of British origin waa'e patented in 1861, but noiut involvi^d 
principles that wa^re new. The engine by Kindca* and Kins(!y may lx* mentioned as 
of this period, and also that of Millon, who revived the original idea ol Lebon by 
compressing the charge in the cylinder before (exploding it. 

On the 7th January, 1862, M. Beau de Rochas obtained a patent which marks 
an important epoch in the history of the gas engine, because in it arc? described the 
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conditions that must he satislit^l to obtain truly economical results. It was M. Beau 
d(* Rochas uho invented the rour-|)eriod cycle, upon which the majority of modern systems 
ar(‘ based. 1 Jurini^ the first outward stroke of the piston the explosive mixture is drawn 
into the cylinder, and com[)ressed on the return stroke. lenition then takes place at 
th(‘ dead i)oint or thereby, and th(^ exploded oases expand and drive the piston durintf 
the third stroke! of th(! cycle. (_)n the fourth stroke, now called the scavenging stroke, 
the return of the piston (‘xpels the burnt gases from the cylinder, which is then ready 
to re((*ive a new charge and to repeat th(! cycle. 

\Vhil(! rendering to this highly-scientific engineer all the honour that is his due as 
the expounder of the fundamental principles underlying the design of the truly economical 
gas engine, it must be remembered that his role was more that of the mathematician 
than the practical engineer. He demonstrated the scic^ntific principk^s without indicating 
any mechanical ineans of r(‘ali/ing the results of his theori(!s. No explanatory designs 
are included in his patent, and the (jnestions of the distribution and ignition of the mixture 
and the* exhaust of the products of combustion are left unconsidc^red. 

M. de Rochas never built his engine, and by his failure to pay the second annuity 
the. pat(!nt lapsed and thus became public pro[)erty. Witfl the lapse of the patent the 
very valuable ct)ntents w'en! forgotten, until several yc!ars later they were revived by 
( )tto, who, for tlu* first time, realized the theories of Rochas in a pnictical form. At 
the lnt(‘rnational Exhibition at Paris in 1867 there was installed a vertical atmospheric 
gas (‘iigiiK* bas(.*d on the primitive principle^ of the original I lautefcaiille powder engine, 
'riiis engin(‘, which was l)uilt by two (jernian engineers, Otto and Langen, was essentially 
an improvenurnt upon the Barsanti and Mateucci system introduced about ten years 
(Mrlier. ddie explosi(.)n of the gaseous mixture served the [nirpose of merely creating 
a vacuum under the piston, ihv. moving agent being the pressure of the atmosphere. 
This engine, which greatly excelled the earlier attempts of Lenoir and Hugon, consumed 
only .17 CLi. It. of gas per horse-powcrdiour, as compared with the 85 to 100 cu. ft. gas 
consumption of tlu! other machines. Financially the engine was a great success, the 
inventors having sold over 5000 in a lew years; but the defects of the system were 
very apparent, d'he shucks were severe, and the rattle of the driving chain and the 
explosions of the charges made a continual noise, resembling the discharge of small arms. 
On the otluM' hand, th(! lowness of the consumption, which had been reduced by 1872 
to 2S cu. It., more than counterbalanced the defects in the opinion of users, as the steam 
(‘ngines of iluese days could not be made to give the same economical results. A second 
horizontal type ol engine was introduced by Dr. Otto in 1878. It was based upon the 
tour-period cycle described in the patent of Rochas; but as Dr. Otto was most probably 
unaware ol tlial previous work, the syst(*m is generally known at the present day as 
the Olio cycle. I he superiority of the new' engine over all others was at once recognized, 
and over 35 ,ck)o were installed by engineers in all parts of the world. Many imitations 
were soon placed ujM>n the market, and for some time Otto was engaged defending his 
pai(‘iu rights. In Fngland the patents were upheld, but in France they were declared 
to be aiuicip.iU‘d by die patent of Beau de Rochas, and accordingly, in 1892, Otto’s 
hrcnch paK ius of 1S76 and 1877 became public property. With Otto, however, remains 
the ciedit ot ha\ing introduced the lour-stroke cycle, although, as the French court 
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declared, he may not have been its originator. At the same exhibition of 1S7S at 
which the Otto engine first appeared other gas engines were also exhibited. One was 
built by Mignoii and Rouart to the instructions of the inventor Bisschop; another was 
the Simon engine; and a third the Ravel gas engiia*, which will be described later. 
Although the Simon engine is no longer built, it gave most promising results, and the 
economy was considerable. Combustion of tlu^ mixture took place graduall\ and slowly, 
and the heat of the waste gases was utilized to produce the steam whicli was niatle to 
assist the gas at the moment of explosion, as in the Miigon system, d'his ailditional 
action was so considerable that the emgine cc)uld be run for several revolutions under 
the action of the steam alone, after the gas supply had been cut off. One h.]). hour 
could be obtained with a consumption of 28 cu. ft. of gas and i gal. of water. With 
* the Ravel engine a still lietter (xonomy was obtained, the consuminion btang about 
20 cu. ft., but the working of the engine was le.ss satisfactory, owing to the bad design 
of certain of the mechanical parts. 

Such was the state of the gas engine industry in 1878. The* machines in general 
worked admirably, and all that was rexjuired was the perfiction of details to [jermit of 
the gas engine .successfully c?onipeting with the steam engine. 

During the period that followed 1S78 many systems were proposed, thc! most 
remarkable of which were: the tw'o-cycle engine of Dugald (derk in 1879; the single- 
acting engine of Lenoir (1883), in which the charge was compretssed belbre explosion 
and the cylinder was cooled by a scavemging current of cold air; and in the same sear 
the six-cycle engine of Griffin. At the Antwerp exhibition ol 188.1 several engin(‘s ol 
more recent construction were exhibited by Andrews (.Stockport), Ihhiier, Koerling, and 
Benz. There appeared at the sanu* time a very remarkable: engine called the .Simplex, 
which was built at the works of Messrs. lV)Wi*ll, of Rouen (ikjw Matter <!<: f'o.), to the* 
instructions of the designers, Messrs. Kd. I )elamare-I )eboutteville and 1 .. Malandin. 
In an action instituted against them for infringement oi the Otto patent, the inventors 
of the .Simplex engine had very little difficulty in proving the novelty and the man) 
improvements embodied in their arrangement. 

F'rom 1855, and following the appearance of the new Lenoir and tin* .Simplex 
engines, the majority of engineers adopted tlie Beau de Rochas or Otto lour period 
cycle, and at the end of this epoch the first carburetted-air engine, driven by the 
combustion of light petroleum oil, made its appcxirancc. Among the later' {x\am[jles ol 
the time may be mentioned those of Durand, Daimler, 'renting, Koerting- Boulet, 
Dicderichs, Gotendorf, Noel, f orest, and Ragot, and the* six-cycle engine ul Rollason 
and Atkinson. At the International Exhibition of 1889 iiftV'three machines, re|)re 
senting a total of about 1000 h.p., were exhibited by thirty one dillerent makers. Of 
these engines all excepting four worked on the Otto system, for the first tinu* tiure 
was exhibited an engine which, instead of using ordinary rich and costly lighting gas, 
was driven with a cheap gas of lower calorific value generated in a special jn’oducer. 
This loo-h.p. Simplex engine opened a new' field for r(‘search, and at the same time 
demonstrated the future po.ssibiliiies of large unit engines driven by cheap producer 
gases. 

Large gas engines driven by waste furnace gases are extensively used on the 
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Continent with considenible success, but the same good report cannot be given 
of similar British installations, w'hich have proved so far to be both irregular in 
their action and unreliable. With further experience there is no doubt that these 
difficulties will be entirely overcome, and that it will be possible to utilize with 

great economy the enormous (juantities of heat energy in the waste gases from blast 

furnaces. 

The history of the gas engine may be divided into three distinct periods. During 
the first period, the period of invention, extending to the year i860, the principles were 

formulated and the requirements considered from many points of view, but the ideas 

were not practically realized. M. Lenoir, in the second period, brought the original 
vague and abstract theories of his predecessors into more definite order, and by the 
construction of an actual machine based on the principles indicated by Lebon he directed « 
the course of future developments. From 1889 onwards may be considered as the 
third period, in which details were gradually improved and the powers of the engines 
increased up to 200 to 400 h.p. With the introduction also of producers generating 
“poor” ga.ses, the gas engine was enabled to compete with the steam-engine plant, 
which may be very largely superseded in the near future.* • 


THE ACTION OF THE GAS ENGINE 

All prime movers derive their power either directly or indirectly from heat, and 
between the power developed and the heat expended there is a definite relationship 
which has been expressed by Mayer as follows: — Whenever work is expended upon or 
done by a substance, a definite quantity of heat appears or disappears. The quantities 
of the work and the heat are interdependent, and bear to one another a definite and 
constant relation.ship. By experiment the value of the relation has been determined, 
and names have been given to the units of heat and of work. In France the unit of 
heat is the caloric, and this term is being more generally adopted in other countries. 
The French unit of work is called a kilogram-metre. In Britain the unit of heat is 
called a thermal unit, and the unit of work a foot-pound. The ratio of the French 
units has been experimentally determined as 427, that is to say, the heat (i calorie) 
required to raise by 1° C. the temperature of i kilogramme of water at the point of 
maximum density is equivalent to the work done, by or developed in the .movement of 
427 kilogrammes through a vertical distance of i metre. A British thermal tinit is the 
heat required to raise i lb. of water at the point of maximum density through i* F., 
and is equivalent to 778 ft. -lb. 

In all the thermal engines at present known, the heat energy is converted into 
mechanical work through the intermediary Of some working substance such as steam, 
air, or gas, and not directly. Direct transformation of heat into electrical energy is 
possible, with, however, a considerable loss in the process; and under any circumstances 
at the present time only a small proportion of the available energy can be usefully 
transformed. For example, the calorific value of 1 lb. of good coal may be taken as 
15,000 British thermal units, equal to about 12,000,000 ft.-lb., but a good boiler and 
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steam ‘engine together would not give more than one-twelfth part of the total amount 
as useful work at the engine shaft. This enormous waste, to the reduction of which 
every effort has been made, shows how very defective are the principles of the present 
heat engines. The future may have in reserve some more economical system, which 
will revolutionize the industry of the world, but as yet, apart from the more efficient 
gas-engine system, there are few indications as to how these desirable results are to 
be attained. 

Theoretically, the work that may be derived from a given (luantity of heat depends 
upon the temperatures at which the heat is taken in and finally rejected. Carnot’s 
“Second Law of Thermo-dynamics” asserts that “it is impossible by the unaided action 
of natural processes to transform any part of the heat of a body into mechanical 
^work, except by allowing heat to pass from that body into another at a lower tem- 
perature”. The ratio between the work developed and the quantity of hcrat expemU cl 
is a measure of the perfection of the engine, and determines the value of its thermal 
efficiency. Compared with steam the combustion of gas in the engine cylinder- admits 
of a much greater range of temperature between the rece[)tion and rejection of the 
exploded mixture, and therefore of a greater efficiency. An initial temperature of 
1600” C. is obtainable in the cylinder at the moment of explosion; but practical con- 
siderations and the nature of the materials of construction limit the initial temperature. 
At 400“ C. iron becomes dull red hot, and at this temperature the lubricating oils in 
contact with it become vaporized and lose their properties. In air at a temperature 
of 300° C. oil oxidizes, forming solid carbonaceous deposits of soot, which in an 
engine seriously affect the working. The difficulty of lubricating the cylinder at high 
temperatures limits the efficiency of the gas engine, and real improvement will only 
be effected when some lubricant is found capable of resisting the highest tt;mperatures. 
Under present conditions, in order to ensure efficient lubrication it is necessary to cool 
the cylinder walls to a very considerable degree, although by doing .so the economical 
condition of a high initial temperature is seriously departed from. Hot air and 
gas are theoretically more efficient as working substances than steam, because with 
them it is possible to obtain a greater range of temperature, and from practical 
considerations gas is preferable to hot air, because when using gas the weight of 
the engine may be reduced very considerably, as the pressures are higher and the 
volumes smaller. It is not the intention here to study the theory of. the hot-air 
engine, which has been entirely superseded by the gas engine. From what has 
been said above, it will be evident that the thermal conditions are greatly in fitvour 
of the latter. 

It seems difficult at the present day to devise a gas-engine cycle or combination 
that has not already been repeatedly experimented upon. The number of different 
arrangements is endless, and many that are brought forward as entirely novel are merely 
adaptations or revivals of one or other of the early schemes proposed by Lebon, Barnett, 
Beau de Rochas, and particularly by Otto. 

Apart from the design of details there is a great general resemblance between the 
gas engines of different makers, and in many cases the same engine is arranged to 
consume either illuminating gas or producer gas. 
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'Vo (listin^Miish ihc (liffcnMit lypt-s according to their systems of working, M. Wit/ 
has proposed the folh.rwing four groups: — 


I. ILxplosion without coin[)rcssion. 

II. IL\[)Iosion with compre.ssion. 

III. Combustion with compression. 
I\'. Atmospheric and mixed. 


'IVI’K 1. 

l',\ji](»si()n willioiit 

( I 

( I ) Siu lion ol the inl\- 
liiic iindrr alinos- | 
plicric picssniL*. ! 


(.') (Sion .Tt (<(11 I 

; slant voIuhk'. j 

I 1 )rivini; slrokt*. 

I Kxjiansion 


(]) Kclnrn slnd^c .md 
(-‘xhaiisi of 1)111 lit 
teases. 


TvrK n. 

with ( ’«nnj)irssif)M. 


(i) Siiclion of ll)c mixlnre | 
iind(Tnlinos{)h(*ri(* pres- I 

SUK*. I 

(j) ( 'onipn-^Mon of the ! 
j^as and air inixtnir. 

(p I'AplosioM al constant 
volnnu'. 

1 )rivini; siroks*. 

I 

( ) ) 1‘Apansion. I 


(^) Return strok»‘ and c\ 
haiist of humt gases. 


Tvrr. III. 

e'omhustion with Compression. 


(i) Suction of llie inixliin.' 
1 1 r k 1(.‘ r a t n 1 os ph 0 ri c f ) res 
siin*. 


(j) (.\)inf)icssion of the 
iniNliirt*. 

- . 

(3) ( onihiistion at con- 
stant pressure. 
Diiving stroke. 

(.p l^xjiansion. 


(5) Return .siroki: and i!\- 
haust of burnt gases. 


TYPK IV. 
Atmospheric. 


(i) Suction of the mix 
lure under atmos 
pheric pressure. 


( 2 ) l']\pl<(sion at con- i 

slant volume. 

Stroke unresi.sled. 

(3) h'.xiiansion. 

( 4 ) Return of piston 

under the pres- i 
siirt! of the atmos 
phere. 

Driving stroke. 

(5) Return slrok«.* ilriv- 
ing out the burnt 
gases. 


d'o tlu^ first group l)elongs the engine devised by Lenoir in i860. During the first 
hall ol the stroke the piston draws in the mixture of air and gas. Communication with 
llu: atmospli(‘re is then clost'd, and on the explosion of the charge the piston is driven 
to th<* (Mid ol its stroke. On the return stroke the exhaust is opened, and the piston 
sweeps out the residual hurnt gase.s. Before ignition takes place the mixture may first 
be com()r(‘ss(Ml either in a special reservoir or in a prolongation of the cylinder called the 
compression chamIuT. This is the arrangement mentioned above under group II. In 
(Migines of the third group the gas mixture is burned gradually under a sU^ady pressure, 
instead of lieing exploded suddenly, th(* charge being in some cases initially compressed, 
and in others not. 'Fypical engines of the third group, in which initial compression is 
adopted, are those of Simon and Brayton. I^xplosion of the gast^s in engines of the 
fourth group does not directly supply the driving force, but merely serves to produce a 
vacuum under the piston. \» hi.'h ir. then driven by the external pressure of the atmosphere 
or of sK^arn. 'bhis arrang(Miient was at an early date completely abandoned in favour 
oi a “ mixed ” system, in which the upward movement of the piston, under the force of 
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the explosion, w^i.s employed in doing useful work. I he Hisscliop engiiK' is a rci)ir- 
sentiitive of this double acting type. 

Ihe cycles of these four groups have been so arranged in tabular form that the 
sequence of the changes occurring under the piston may he com[)ared at corresponding 
periods before and after combustion, but the number of the strokes is often varied l)y 
ihe addition of a supplementary compressor, as in the two-cycle engines devis(‘d l)y 
Dugald Clerk. The table has been taken from the very comprehensive w(^rk by Aime 
Witz, entitled a TraiU thSoriqiie ct pratique des u/oteurs d As it is intended to 

devote the present chapter to the consideration of such gas engines as have' salisfud the 
practical recpiirements of users, engines of the hot air type will not be considercal here. 


TYPICAL GAS ENGINES 

The First Lenoir Engine. — In external appeara?ic(' this engine, illustrated in 
fig. 320, bore a marked resemblance to the ordinary type' of doubk' acting hori/ontal 
steam engine with flywheel <ind connecting 
rod, with which designers were already vc'ry 
familiar. ^ Gas was merely sul>stituted for 
steam, with very few alterations of the parts, 
and the distribution was effected by ordinary 
slide valves operated by two eccentrics. For 
the ignition of the mixtures an electric spark 
was [)ass(id betw(ien two points inside the 
cylinder when the piston reached its mid- 
. stroke position, and for the production of 
the high-tension spark a I^uhmkorff' coil and 
batteri(\s were supplied. During the latt(‘r 
portion of the forward stroke the drive look 
place, and on the return stroke the exhaust ga.ses were driven out, while tl](! oth(‘r 
face of the piston was acted upon by the driving force'. Around thf' cylinder walls 
cold water was circulated to prevent the temperatun! from Ix'coming abnormal, d'his 
double-acting arrangement, which does not permit of inilial compression of tin* mix- 
ture, has been abandoned by all designers, because the regularity of the ac tion is 

obtained at the expense of the economy, and owing to the successive* actions on the 

tw'o sides of the piston, the (juantity of gas buriv'd is out of all proportion to the 

power developed. 

Bisschop Engine. — Fig. 321 illustrates this engine, which works on the mixed 

principle of the Otto and Langcn atmospheric engine. ILxpansion of the exploded 

ga.ses raises the [)iston, which is then driven, during the working stroke, by the.' |)ressure 

of the atmosphere. Very successful results were obtained from the first engiius, which 

were well designed and constructed, but very few examples now exist. As wall hf* 

seen from the illustration, the engine, which w^as of small power, was of a vertical typ(‘, 

with the piston crosshead guide surmounting the cylinder. On the* outsider of the 

voi. n. " 34 
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cyliiiflcr wvvr cast niimoroiis ribs of metal, which, by providing a large air-cooling 
surlac f, s(‘r\(*(I the samf‘ pur|)osc as a water jacket. 

In iSSo the iinentor was awarded a prize of looo francs for his engine, which was 
considc nal the best l()vv-[)()wer engine suited to the requireriKmts of small users. 

Francois Engine. — This engine was a complicated development of the Bisschop 


engin(‘, but it never succeiak'd in displacing 
plication of the arrangement was out of all 



i(^ latter from public favour, as the com- 
[)roportion to ihe very moderate results 
olHained. Two shafts, placed symmet- 
rically above the cylinder end, were 
directly driven by two connecting rods 
from the piston, the shafts being geared 
tog(.‘ther by means of toothed wheels. 
After a short existence the system was 
completely abandoned. 

Laviornery Engine. — U sc was 
mad(! in this engitu! of the vertical 
arrangcmqnt commonly adopted in the 
steam hammer, that is, with the in- 
verted cylinder above che shaft, which 



Fig. 3^2. Early Bonier Gas Engine 


WHS drivf'n in the usual direct way through a piston and a connecting rod. Regu- 
lation ol tlu' speed w.is effected liy a gov(Tnor which controlled a throttle on the gas 
admission pipe, an arrangement commonly adopted in the early engines of smaller 
l>owers. At a later date Mr. Laviornery introduced a horizontal two-cycle type, which 
gave a consid(;rably improved economy. 

Benier Engine.- riiis simple engine was the first one made by the designers of 
the Henicr producer engiiu;. As will be seen from the illustration (fig. 322), the 
cylinder a was itna'r'.fd, ;rid the crank was driven through a connecting rod 
coupled to a side levc'r, the end n of which received its motion from the piston 
rod. A cam o on the shaft operated a single slide valve li, controlling admission 
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and Ignition, and side sprinos r,r were provided to keep the earn and slide always 
in contact. Air and gas in the proper proportions were drawn in hy th(^ piston until 
the middle of the stroke, when the mi.xttire wtis ignited by the exposuK' of a llame at 
the admission port, and the e.xplosion took place. A |)ilot llamt' was provideil for the 
relighting of the ignition j(;t after each explosion. ^ second cam on the sh.ift opened 
a .separate e.\haust valve at the projter moment. Water- cooling jackets kei)t the heat 
of the cylinder within reasonable limits, and the (.‘conomy obtained in actual practict- 
was quite .satisfactory, the consumption being abotit 50 cu. ft. ()er horse pow er hour. 
'I'owards the year 1880 the system rtjceived a certain amount of attention, owing to the 
simplicity of the design and the relatively small cost. 

The Economic motor, which w-as first constructed in New York about the year 
^883, was a small type of engine rarely exceeding .' h.p., .and working on the non- 
cornpre-ssion system. Its arrangement was in- 
genious but somewhat complicated, as will bc^ 
seen from the illustration, fig. 323. a is the 
cylinder, provided with external tiir-cooling ribs, 
and J3K is the rocking lever from which the 
crank oc received its motion through the con- 
necting rod B. Regukition of the sjteed was 
effected by means of a centrifugal governor 
throttling the gas admission, as in the other 
engines of the same class. It is understood 
that the results obtained in practice were .satis- 
factory. 

Lenz Engine. — It would be difficult to 
devise a simpler engine than the Lenz one, 
which has the minimum nuniber of working [xirts. 

I'lie mixtun; is drawn automatically through a 
spring-loaded valve, and the ignition tak(!S plai:e in the admission |);issage itself, on 
the application of a flame. The force of the explosion is made use of for closing 
the valve.s, but on the return of the piston the exhaust valve; placed at tlie huver 
end of the cylinder is opened by a special cam on the engim; shaft. Instead ol 

the usual water jackets the cylinder was built in two i)art.s, separated .it the joining 
by a layer of non-conducting material. To reduce the shock on the crank at each 
e.xplosion, the head of the connecting rod was forked to engage the crank pin, and the 
actual drive took place through a compre.ssed spring betweem the head and the pin. 
By these means the smoothness of running was greatly improved. 

Dugald Clerk Engine. — In the design of a gas engine the ideal arrangement is 
to have an explosion, that is, an impulsi;, every stroke, and lor nitiny pur[)os<;s the very 
usual Otto cycle having one impulse every lour strokes is not sufficiently good. Many 
attempts have been made to devise a satisfactory two-cycle engine, but the exj>eriinent(.r.s 
have, in general, found that the problem is more dilficult in practice than in theory. 
Dugald Clerk's engine, which first appeared in 1881, was the earliest of the two-cycle 
types, and his name is generally associated with such engines. It was ol the simplest 
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possiljk; (lesion, the use of ”car wlieels being avoided, and in actual use the working 
was very regular and 'noiseless (see fig. 324). Two cylinders were arranged side by 
side on the overhanging cMid of the bed plate; the one serving as a single-acting 
enjpne, and the other as a comprt'ssor for the explosive mixture; that is, the mixture 
was compressed in a se|xirate cylinder instead of in tht! working cylinder, as in engines 
of the f(jur cycle type. Aftta' the transfer of the compressed charge into the working 
cyliiuler, the compressejr was arranged to entrap and compress a quantity of air, which 
was later used for sweeping out of the cylinder the exhaust gases resulting from the 
previous ( xplosion. By the use of the second cylinder it is possible to dispense with 
Iwlf the strokes of the Beau de Rochas cycle, and to have one impulse for each 



Fig. 3.11.1. 1 Clerk Gau Enyitic 


revolution of the crank. Combustion which takes place at constant volume is more 
complete and instantaneous, but the expansion is greater, notwithstanding that the 
output is increased. It should be mentioned that the ignition is effected by the carriage 
of a Maine from the ignition jet to the combustion chamber by means of a slide valve- 
provided with suitable passages. A water jacket round the cylinder keeps the tem- 
perature from becoming excessive, and by a special arrangement the two cylinders 
(ouM be made to work on the compound principle by allowing the gases, after their 
I'xpansion in tint working cylinder, to act on the forward face of the second (compressor) 
piston. Exhaust then took place in the ordinary way, but from the compressor instead 
ul from the working cylinder. In spite of its many excellent features the engine never 
competed successfully with the somewhat more economical engines of the Otto type, 
and at the present time die system has been almost wholly abandoned. 

Benz Engine. .Sjiccial means are adopted in this engine for the more complete 
exhaust of the burnt gases, by the injection into the cylinder during the latter half of the 
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scavenging stroke of a certain volume of compressed air, which (rffeclually swet'ps out 
ihe waste products and also fills the clearance spaces. A small au.Kiliary pump introduces 
the charge before the commencement of the compression, which thus takes place in the 
working cylinder itself. A small magneto, driven by the engine, produces electric sparks 
between the points of the ignition plug shown in fig. 326 whenever the e.xplosion of 
the charge is required. From the 
sectional elevation of the cylinder, 
fig. 325, and the sectional plan, 
fig. 326, it will be seen that the 
cylinder is closed at both ends, thus 
enabling the front face of the piston 
, to be utilized as an air compressor, 
which maintains in an auxiliary re- 
servoir a constant pressure of air. 
rhe presence of the cold air at the 
front side of the piston has a very 
considerable cooling effect upon the 
hot cylinder walls, and efficient lubrication of the internal working surlaces is accord 
ingly less difficult. Additional cooling is obtained in the usual wtiy by means ol 
water circulation around the cylinder e.xterior, about cu. ft. of cooling water being 
required per horse-power hour to keep the temperature at 75° C. I'he llenz engine, 
which is manufactured in France, has been very successfully applic.-il to wi>rk of all 
descriptions — the driving of pumps, dynamos, launches, and latterly of motor cars, 
and its use in other countries 
is becoming very general. 

Ravel Engines. — Mr. 

Ravel’s engine, which wr/s first 
exhibited in Paris in 1878, 
worked on what was called the 
“ variable centre of gravity ” 
principle. It consisted of an 
oscillating cylinder carried on 
trunnions, and of a very heavy 
piston, which served the sole 
purpose of an overbalancing 
driving weight. On the explo- 
sion of the charge the heavy 
mass was driven to the upper end of the cylinder, where it overbalanced ami cau.sed 
the whole cylinder to turn about its trunnions, which were e.xtended to form the 
driving .shaft. The periodic effort of the explosions kept the cylinder and shaft in 
continuous rotary motion. From 18 to 20 cu. ft. of gas were consumed per horse power 
hour, but the mechanical details of design w'ere not sufficiently well thought out, and 
the engine frequently stopped. Mr. Ravel abandoneil this early idea, and in 1885 
introduced a second arrangement based on Clerk’s two-cycle system. One cylinder. 
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327, closed at lK)th ends, was* us(?d, 
the front cliainber of which served as 
an air compressor during* the forward 
stroke of llie piston, and the back por- 
tion as the working cylinder. Although 
the consumption only slightly exceeded 
that of the Otto engine, and the regu- 
larity of the working was superior, the 
l\avel engine never competed success- 
fully with the (Otto engine?. 

The Midland Engine. As will 

be s(?en from fig. 328, this (U)ubl(?-acting ^ 
engiiu? comprised two equal cylinders 
arranged side by sidi*, with a pair 
of conne(?ting rods driving two cranks 
s(‘t at an angk? of 65 degrees to one 
another. (One of the cylinders acted 
solely as a com[)ressor for the (explo- 
sive mixture, which was transferred at 
the proi)er moment to the other cylinder, 


in which the exploded mixture (‘xcaled its driving force. 


There are m<iny other tyi)es of two-cycle engines, but space forbids further reference 



I'li.;. ^jiS -Midl.ilicl Ci.is Citrine: 


to tlu'm h(‘r(\ 10(\scriptions of these engines are given in considerable detail in the 
treatise by M. Wit/ on / 7 /c llicoy a)hi Practice of Gas aud Oil Engines, already 
refc rrc'd to. I h(‘ Henier two-cycle producer-gas engine will, however, be dealt with 
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later, when treatint^ of enoines driven with poor leases, as certain novel aiul interesiin^ 
features arc involved in it. I'he following sc'ction (K‘als with four-iyile (ai^ines 
introduced by Beau de Rochas, but first [iraciically realized by Dr. Ouo in 1SS7. 

The Otto Engine. — A general d(*scrij)lion n<)w ol the jirinciples upon which tli(‘ 
Otto engine is based will save further re|)etition when dt*aling with the engines built 
by other makers, which work on the Otto cycU\ or on soinc* very analogous s^suan. 
From the first introduction of the (.)lto c*ngine the successtul results obtained ensun'd 



321^ — n.irly CHto Vcrtiiiil 

its very general adoption, and on the ex[)iry of the patiaits many imitations and 
improvements of more or less value were introduced l)y oth(*r manulacturc'rs. 

A partial section through the cylinder, compression chamber, and slid(i valve (>1 a 
vertical engine of the Otto type is given in fig. 329. An enlargem(!nt / of tlui cylinder 
bottom serv(\s as a chamlier for th(* (ompression of the ex[)losiv(! mixture of gas and 
air, which is sucked in during the upward stroke, of the piston and com[)r(‘.ssed on th(^ 
return to a pressure of from thrive to four atmosplu^res. At this [iressure, when th(t 
piston has reached tlu! end of its stroke, the gas jet h is exposed to the ex|)losiv(‘ 
charge in the cylinder by the movement of the slide valve operated by the coniK.cting 
rod /. Kxplosion then takes place, and the temperature rises to about 
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(Irivino im ssiirr aljout 1S5 II). per scjiiarr inch of the piston area. On the return 

of ihc piston to the hottoni of the cylinder, that is, during the fourth strokt! correspondine 
to the hnal lialf of the sc^aaid rc‘volution of the crank, the burnt eases are expt'lk^d to 
the atmosphere under .1 pn^ssiire of from 2 lb. to 4 Ib. Water jackets arti litt(*d around 
all the portions of the eneinc‘ that are subjected to the hi^h t(*mperature of the explod(*d 
leases. Attention was |)arlicularly directed by the designer to the ejuestion of the 
n‘du(tion of the eas consumption, and e()()d results were obtaiiual by diluting tbe 
mixture with a proportion of the waste erases resultine from the previous explosion. 
\]\ diluting; the mixture in this way the charge was consumed more gradually instead 
of explosively. It was found that th(^ low consumption was not wholly due, as claimed, 



to the sup(‘rposfMl arrangamKMit of layt'rs of gas and air in the cylinder, but to a certain 
■ iciion o| ih<‘ walls. 

Mechanical!) , th(‘ ( )tto (‘iigine w^as an (excellent example of good design and simplicity 
o| arrangement. y\dmission and (exhaust w(‘re cotilnjlled by means of cams, and ignition 
ot the ( barge was t‘lle('l(Ml by the transport of a (lamc! under pressure. When the speed 
e\('e(‘ded a ( (a iain fixed limit, a governor acting on th(* “hit and miss”, or, as it is called 
!))• brench (‘iigineers, " tlu* all or nothing”, system, suppressed the admission until the 
sp(‘ed again becatiu* normal. Motion was transmitted to th(' crank in th(' usual way by 
means o| a connecting rod. and a specially heavy flywheel was employed for the storage 
of suHicieiu energy during the working stroke to ensure .some regulcirity of running during 
the thr(‘e n/m lining idle strok(‘s of tlu! cycle, d'he C(.)nsumption was about 28 cu. ft. of 
gas [K'r horse pow(‘r hour. 

big. ^^^(3 is an end view in [>artial section showing the arrangement of the valves 
adopi(‘d by Dr. t )uo m his early engines and th(‘ arrangement of the levers for operating 
di<an. A section through tlu! mixture admission valve m’ and the ignition slide and 
port / is also given in fig. 331. 
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fjas enlCM's tlirou^h th(^ valve \vliich is ()|)ened at the corrcu i monicMU l>\’ a s\stcni 

of levers operated from a cam on the* half-s[)ee(l shaft at the riitln sitle of th(‘ eiiL^iiK', 

and the mixture of ^as and air is sucked as shown l)y llu* 
arrows into th(‘ cliaml)(‘r m and thence through the val\e m’ 
into the cylinder. An external view of an Otto engine is 
^Wen in tljn’. 332. 

lo 1 )r. Otto heloni^s th(! crc'dit of havin<^ first in- 
troduced the Lias eiiLiine in a really j)ractical form, and 

of indicatinti the direction of future (U.*vc‘lopmenls. ( )ther 
eiiLiineers, followii\Li‘ Otto, havc.‘ improved tlie 

details of construction, and th(' consumption of j^as, to a 
■ very considerable e\t('nt l.)y r(‘ducinLi‘ heat ]oss(‘s and in 
cr(‘asin;4 the expansion until at the pres(*nt tinat the i^as 

entiinc! is aide to compete with st(‘am under most industrial 
conditions. 

A f(‘\v of the mori^ rc niarkable ty|)es introduced dur- 
ing* ^the last twent)'-five years will be now brielly described, 
in order to illustrate; the d(;velopment (d four ('ych; (‘ULiines 
that has taken i)lace. 

Lenoir Engine. In this entiine, which first appear(‘d in 1SS3, llu; inventor 
introduced the; experieaict; of twenty-live yi;ars of continuous ex|)eriment and work. 
1 he cylinder* which e)V(;rhuny the base was [jroxided externally with air-(‘oolin]L»’ vanes, 



(it I'^nilKUi Midi' 
.itid AdiiirMiiti \\iKi’ 



t-i.is with Doiibh; Idywluvls, di-vij^ned for rxiia iiijinni’^ 


as illustrated in fi*;'. 333, and the crosshead was i;uid(;d in a bored out trunk in liiu* 

with the cylinder. bdectric ignition was adopted, the spark b(;inLf iiroduci^l by a 

battery in conjunction with a Riihmkorff coil. About 2S cu. ft. of j^as were consum(;d 

per horse-[)ower hour, d'wo other Lenoir engines burning petroleum \’apour ha\'e b(‘en 
voL. II. 35 
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introdiKccl, one uf llu*in s|K*(:ially arran^vd for motor-car work. These wil] be 

d(^seril)(*d Iat(*r wh(‘n d(‘alin^‘ with oil (‘ni*iiies. 

Koerting-Lieckfeld Engine. — Id)r the first of these en^iiuts, Iniilt alxnit the y(*ar 
1S77, th(‘ two-strok(‘ ('ycle of Duj^ald (dc-rk was adoptc^d, but th(' syst(*m was abandoned 
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in favour of the four stroke C)c!c of Dr. Otto. An enoiiu? workint;* on that system 
was dc'vised by Messrs. Houlet (Ih'uk' et (de) of Paris, and the actual engine embodied 
many exc(*lleni features. Id^'. shows a vertical arrangement of the engine in which 
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all th(‘ parts art! carried upon out' column, the lower portion ot which serxes as [hr 
cylinder, and the u[)i)er as the guides for the crosshead and the* hearings of lla* shaft. 
A s[)ur whet*! on the main shaft eni^a^c's with a secontl wheel tarrying* the tains, whii h 
work iht! valves through a sysleni of levt‘rs and a rockint; shaft, shown in the illiisiraiion, 
nt*ar the top ol tht* t:ylintler. A t'entritiij>al i^overnor contrt)Is the admission, .md tin* 
(lame ii^nition arraiv^tMiieiUs art' of tht* simplest (iescrij)tion. h'rom actiinl tests tht* 
consum])tion of ji^as was al)t)iit 2tS cii. ft. pt!r horse power hour for an engine of S h.p. or 
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more, and tht! tjuantiu' of lul)ricatin<r oil usetl was small. IJori/ontal enj^ines t)l the 
same type have l)een made with t!(|uall\’ i^ood results. 

The Hornsby- Stockport Engine. -- 'rhiese enLiin(‘s were ori^inalK made hy 
Andrew Co., and w(‘r(! known in h'rance as the d'riompht* enj^int*. Two motlern 
examplt!s of Hornsl)y-Stockpt)rt (!nj:>ines are i^ivt!!! in and d'he latter has 

a s[)ecial!y heavy flywheel for tlirect <‘Iectric lii^^htin^, and the outer end of the shaft is 
supportt‘tl t)n an extra hearing*, (iovernors of a special vihratinm weight type are fnied 
to the small en<^int!s of about 6 h.p., fi^'. 335, hut centrilui^^al - hall i^ox’ernors are used 
for all larger sizes, which are also pn)vitled w ith self starters ol a eom[)ressed air t)'pe. 
Small engines may ht! readily started hy hand, and for the internu‘diat(! sizes a sim])l<- 
pump arrangement is recommended, l^ithcr tuht! or elt*ciric ignition may he provided, 
but magneto-electric ignition is supplied in all cases where suction gas is used. 

To start an engine provided with a self starting gear, care must he tak(‘n to stop 
the engine with th(! connecting rod just above the centre and with the [liston near th(! 
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fiul <)l* its stroke ;it tlie position of ignition. (ias is then admitted to the cylindin* 
throiiLth a small xaKc held o[)en hy a ll;4ht si)rini;‘, and enteTin!:;, as it doc‘s, under some 
pressure*, a portion of the* air in the* ('ylinder is driven throuo'h another small sprinjL;- 
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eontrolk'd \'al\ <‘ into a c hamher eommunieatin)^ dir(*( tly with the inrandescent io*nition 

tube. Alter a le‘w moiiunts some of the enterino* .i^as also pass(!s throuj^'h the ii|)per xalve 
into tlu! iiL^nition spare*, aiul \vh(‘n suffie'ient has pas.sed to make* an explosive? mixture, 

ij^nitiein oi the small rharge takes place? in contact with the tube ov the electric spark. 
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The flame of the small charge! in turn explodes the mixture* in the cylinder, and the 
piston moves forward, drivem by the force of the* (‘xpandino- i^ases. After the! first stroke* 
the \vorkinj4’ of the engine beeome^s automatic^ the i^as and air valves l)e‘in^- ('()nlr()lle*el 
in the usual way from the* cam shaft driven from the engine itse*If. Ih'e)duea*r i^as may 
also be used, in which case the (^onsum[)tion of anthracite* is about i[ to i 11). p(*r 
he)rse-pe)vvcr hour. 

Fielding Engine. -Simplicity is the characteristic feature* of the de*si;^n of this 
engine!. 'Two valves only are used, e)ne of which alone is unde*r pre*ssure*, aiul sliele 
valves are dispensed with, e-veai in the small-po\ve*r vertic'al types. One* e)f the* \alve*s, 
which is elouble*-actinj4*, controls both the admission and the exhaust, and the* other the* 
oas. A sinolc! cam and dejiible! lever controls the two valve‘s aiul conslitute*s the* whole* 
of the* ne*ar. d he actie)n, which is base_*el on the* Otto four-stroke; cyrlv, is as follows: 
wheai the {)iston cominenc(.‘s its r(‘turn stroke* after the* e*xplosion, the; exhaust valve is 
lifte^d by the motion of the; valve lever, anel the burnt ^ase*s are* e*xpelle*d; at the e‘nd 
of this stre)ke the valve is lifte*el still further, so as to cleise the e*xhaust and at th(* same 
time; to e)pen a lowea* ape;rture‘, throuji^h which the ne;w charge* is sucke*d into the* cylinde'r; 
when the; piste)!! re*ache;s the; enel e)f the; aelmission stre)k(; the e:am le*ve*r rel(*ases the* 
valve*, which is force;el noiselessly back upon its se*at by a lii^ht sprini^', and the compn‘ssion 
stroke then ce)mme*nce.s. I'he; double lift of the valve is obtained by means of a single* 
cam provide;d with two step[)ed proje*ctions, which come* sue:ce*ssively inte) ce)ntact with 
the e;nel of the; valve; leve;r, anel the le)rm of the valve*, which is the; e)nly e)ne* subje:cle*el 
to the hioh pressure of the e;xplo(U;d oases, is such as te) e;nsure ce)mple*te; ^as tiohtne‘ss 
anel fre;e;dom from diste)rtion. 'I'he se*ce)nel valve, plac.e*el befe)re* the (irst, has me*re*ly 
to admit the; itnel is therefore c*asilv we)rke;el. It is ce)ntrolle*d bv the* se*cond le ver, 
the; elis[)lae:ement of which is rc‘oulateel by the ^overne)!* in accorelance* with the* spe*<*d 
variations of the enoine on the; “hit and miss” [)rinci[)le. Wdien running at the* normal 
s|)ee:d the i;e)vernor he)]ds in a definite position an e)scillatin|4‘ palle*t, whieh e'om(‘s into 
ce)ntact with an inclineel surface at the end of the; oas-aelmission le*ve*r, anel at eaeh 
oscillatie)!! ele;presse*s it. When the s[)eed incre*ase*s be;ye)nel a pre*ele*termineel point the* 
action e)f the; o‘(.)verne)r raises the pall(;t ai>ainst the* retaining force* e)l its sprint anel 

causes it to miss the enel of the valve lever, which thus fails te) ope*n aiul admit the* 

charo'c e)f o'as the; next stre)ke*. Owiny te) the; frie:tie)nle;ss nature* e)| the* i^e*ar this 
system of irovernintj is very .sensitive, anel a constant spee*d of rotation is there*by 
ensLireei. Ce)mpresseel air is useel fe:>r starting* lar^e; units up to h.p., the; suppl\ 

e)f air beino* de;riveel fre)m a reserve)ir which is charoe^d elurino the* runniiyiL^ e)t the* 
eiioine. Rich town oas e)r “ pe)e)r ” pre)elucer Ltase;s may e*ejually well be* burned in 

the; Fie;ldint,^ enoine. Fiq. .^^^7 illustrate*s a 70-b.h.p. (*n^ine* ele*sione*el le)r use* with 
suction oas, anel fio*. a four-cylinder b'ielelini.^ ‘;as entwine; e>f iSo b.h.[). elire-e tly 

coupled to a lio’htinjL^ dyname). The e;n;4ine is e*ntirely e*ne:l()se_*d, anel is elesioncel le)r 
use in ce)njunctie)n with a suctie)n-t^as [)lant. 

Niel Engine. -A ne)\el type of conical re)tatinj^ valve is employeel in the* Nie*l 
entwine for cejntredlin^ the vvhe)lc distributie)n e)f the; chariL»e; anel the* exhaust. Hy me*ans 
e)f suitable }jearin<( the valve is made tei) restate one;e; for eve;ry twe) reve)lutions e)f the 
crank, and during* this perioel it efiects .succe*ssive*ly the admissie)n of the; mixture te) 
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tli(* cyliM(l(*r, the ij^nition, compression, and c*x[)ansion, and finally the exhaust of the 
huriU i^asivs. An ingenious arran^'eiiKmt ensures sufficicMit i^as tij^htness and prevents 
the valve from stickiiiL;. Althouo'h the four-stroke cycle is used, suction only takes 
durinj4 two-thirds of the forward stroke, and the (juantity of i^as drawn in is 
therefon* less than the volume of the cylind(?r. h>om this there results a certain 
economy, as tin? (expansion is not so oreat and the compn.'ssion is less. The incandes- 
cent tiihe arran^enuMit introduc(--d by Leo I'unck in 1SS3 is adopted for thc^ ignition. 

big. 340 sIkjws an elevation and a sectional j)lan of the conical- valvt! tyi)e of Niel 
(Migine, while figs. 341 and 342 illustrate? a large 120-h.j). (mgine fitted with ordinary 
lift valves, which are shown in section in fig. 342. 




I'lg. 34J. — V.ilvc Ai r.ingfinriit fif Nii*l I'.nginc 

The Martini, Sombart, Adam, Roger, and Kientzy Engines.— Although 
laiilt by dillerent makers these? engines, which work on the (Jtto cycle?, differ from 
one? another in unimportant details only. Considering also the absence of any novel 
feature's it is unne'ce'ssary here to do more than mentie:)n the?ir names. 

Lablin Engine* Mr. l.ablin of Nantes de?vised what may be conside*red as the' 
gas ly[)e* of the Hrotherhoe)el steam , engine?, that is to say, an engine conxbining the 
greatest possible? pe)we*r with the minimum weight and size?. To ejuote Mr. Lablin s 
worels, the engine was devise'd with a view to increasing the “elynamical de?nsiiy ” of 
the* gas engine*, anel he? so far succe*edeel in being able to ceinstruct engines eif half a 
horse' powe'r weighing e)nly 88 lb. aiul engines of 8 h.p. weighing less than 3.^ tons 
with a consum[)tie)n of 35 cu. ft. of town gas or i lb. of ga.solene. The engine works 
on the Otto cycle' but three cylinde*rs arranged radially around one crank arc used, 
and the system of working is such that ait explejsion takes place in c'ach cylinder 
succt'ssively, the*re being thus thre?e driving strokes per revedution of the ceanmon crank, 
A Ilywhe'el eif the minimum prope.irtions may then be use'el, as the driving effort is 
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mcllKuI hciiij); usually adopted when th(; working substance is i^as, and the latter for oil 
vapours. rile speed of tin: en!.;ine was controlled by a centrifugal governor which acted 
upon th(; gas-admission valve. 

Campbell Engine. .Several types of Campliell engines, which in [irinciple are 
base<| upon the Otto engine, are illustrated in ligs. 345 to 34S. In the horizontal types 
a horizontal shaft placeil at the side of the engine at right angles to the crank shaft 
receives its motion from tlu; latter through a [lair of helical gears. (.)n the opposite 
eiul of the sid(; shaft are arranged several cams, which control four valves for the 



’’l.. "" , 


.vlf'- .N.itnni.il (i.is I'jiijint' 

admission ol lli(‘ air and j^as and for iii^nition and (‘.\hausl. A h(‘at(Hl to chrrry 

rod l)y an inte rnal i^as llamo is iisod lor the i^niition when town iL^as is consumed, but 
it is customary to supply mai^neto-electric it;nitH)n whenever the engine is intemded to 
use producer i^as. In all th(! engines of more* than 70 b.h.p.* not only the cylinder 
but also th(‘ piston and the* (‘xhaust valves and covers are water cooled. Fiij. 345 
illustrat(*s the small si/es of engines ol from 4 to 11 b.h.p. usino* producer tjas, while 
two larger typ(‘s of 70 to So and 90 to 100 b.h.p. are shown in he^s. 446 and 347. 
I he four cylind(‘r vertical type ot from 100 to 750 h.p. is sliown in fijLj. 348. 

The National Engine. (las engines are built by the National Company in all 
si/es from th(* smallest ol 1 h.[). to the largest units burning* producer gas. Petrol engines 
are built by the same company for effective [)owers (^f from i to 10 h.p. All of these 
engines, wh(‘th(‘r gas or oil, are provided with two large well-balanced Ilywheels which 
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fiisur* uniformity of tho rotational motion; !»ut tliis iinlformitv is also partly iliic to tll(' 
use of a novel form of centrifugal Governor which materially rciluct's the consumption. 

.549 illustrates the outward appearance of the ^as enj^ine, and also with minor 
differences that of the oil en”ines, which are proviiled in addition with a vaporizer and 
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Icinip placed al tlu* Iroiit and widi an oil r( s(*rvoir iinmodiau ly above th(* eylindei. 
S[)(!cial attention has l)(*en devoted to the redmtion ol tlie nmiiher ol lh(! i)arts, and 
the result has been a desij^n ot tlu. simplest [)ossible desc ription. ( )n(‘ ( ylinder alone 
is used for all engines ot less than 50 h.p. I he startin;^' l^ear has bc cai much simplified, 
and the ij^nition arrangements are such that miss-tires rarely occur. Much skilled 
attention is not required to keep th(^ engine in j^ood condition, and the lubi icaticjii is 
for the greater part done automatically. 
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Forest Engine. Kcfcrcncti has aln'ady lx‘cn made to thc! two-cycle non- 
compression entwine first* introduced by Mr. b'orest, who has made the tjjas engine thc! 
siil)jecl <jf considerable research work, d'wo other interestint;' types of Forest engines, 
workinjj^ on ihv. four-strokt* cycle*, have also been introduced with considerable success. 
In oiU! of these ty|)es, which is of a s|)ecially cejinpact d(\sinn, the cylinders an? open 
at Ijoth (*mls, and each c<jntains . two pistons, between which the cliarj^e is introduced. 
On the exi)losion of the mixture the pistons are driven in opposite directions, and their 
motions an? transmitted to the c rank, dirc'ctly in tlie one* case? by m(?ans of connectin;^ 



35«.— I’ori’sl Tcliul Launch Kni;iiu!. liilci \*al\t; Siilc 


lods, and indirectly in thcj otlier throu^L side l(;v(.?rs. 1 he s(_*cond typ(_‘, illustrated in 
^f^* 3 vS^» mcire cylind(*rs bcjlted t(.)^ether, and carric'd on columns over the 

crank shaft. Hy the use of two cylinders thc? r(?j4ularity of the runnhiy is much"improved, 
as one driving*' impulse? is obtaincxl durini^ c*ach half revolutiem. For the drivint;* of 
launches, Mr. bor(?st, in conjunction with Mr. (lallice, has succeed(?d in producinj^ a very 
succ(*ssful type? (-)f p(?lrol entwine, which has been ad(,)pted by the brench government, 
and iitted by them io numerous Ijoats of various si/.c's. Uy an ingenious and simple 
airantjement of the cams on the xalve shaft, which controls the admission and exhaust, 
the motion of the engine may bci reversed instantly and at will, which, for marine work, 
is a most important feature, bigs. 3^1 and 352 are external views of the front and 
back of one of these launch engines. 
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Atkinson Engine. S(*\‘C‘ral ingenious arnmi^c'iiK'iUs ha\(! In-c*!! devised hy 
Atkinson witli tlui inteiuion of iia reasiiv^ the; c.'xpansion obtainable in the ordinary ( )tto 
arran^onieiU. Atkinson’s first (‘iii^iiu*, (xxhibited in 1SS5, was known as the l)iHerential 
iL^as (‘nj^iiu*, and consisted of a single cylinder, having* two opposed pistons connect(*d 
to the crank through a s)stein of levers 


and links. I'his arraneenient was aliaii- 
doiKul in favour of a single cylinder 
and piston (Mij^ine, l)ut the lonj^ -expan- 
sion and short - compression featur(*s 
wc-rc^ retaiiuxl, th(^ desired motion beinu; 
effected by means of th(^ sysuaii of levers 
shown diai^rammatically for one position 
in litj:-. ;,5;v 

Noel Engines. ~ The se engines, 
which are built in lM*ance, at Provins, 


■\ 
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have! the merit of ^reat simplicity. Ordi- 
nary lift valves take the place of slides, and in the case of eiv^iiu s of from [ to 2 h.p., 
the use of a wate^r jacket is dispensed with. Both horizontal and vertieal types are 
built, and the engines work eejually well on (hither town gas or carburetted air. When 
using the latter mixture the vapejrize^r is generally enclosed in the framework supporting 



CHAROX GAS HXGIXH 


Si 


spark 'for iho iVnition. and a oovernor of the "hit and miss” tvfic controls the sp.>o.I 
by actin- on the exhaust. When the speed e.Kceeds a certain limit the o-overnor caus<-s 
the exhaust valve to remain dosed, and thus prevents the escape of the \vast<- teases 
and the suction ol the followiii}; charj-es, until the engine speed a-ain falls to the normal. 



On account of the simplicity of ih(‘ th-si^n, and the fewness of the parts, 'rentiuLi- (‘u^iius 
of low p()W(‘rs hav(^ been V(‘ry (extensively a|)i)li(‘(l to many different piir|)ose.s, and for 
launches or similar work a vertical type! desicriuid to burn oil vapour is construct(*d. 

Ch3,ron Engine. -Mr. ( haron soui^iu to proloni^' the duration ol the expansion 
by mcxins less complicated than those devised in th(‘ first instaiux* by Mr. Atkinson. 
His j^ear consists of a shalt having- a double stepp('d (xim I'ontrolled from th(‘ ^ov'ernor. 



One half of the double cam op(a*ates the admission, and the other half a special valve, 

throuoh which a portion of the explosive? mixture is driveai into a lari^c pi|)e or 

reservoir dtirintj the compression, d he com[)ression o/ the portion e)f tin? chari^a? in 

the cylinder is thus reducexl, while tlie exj)ansion is nu)re complete*, and is, at the? 

same time, entirefly un(l(?r the control f)f the governor. As a result of this incirased 

expansion a very satisfactory consumption was obtain(.?d. 
vui. n. 
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lion ;/)2) it will Ik* seen that the |)ist()ii acts directly on the crank without the use 
of a piston rod, and that tin* cylinder is cooled by the* circulation of air in contact with 
metal vanes c.ist on th(* outside ol its walls. 

Crossley Gas Engine, ddu* (h'ossley L;as ent^iiu* is the result of many years 
of e.\|)erience and (‘\|)erim(*nl, and is manufactured by Messrs. (a'ossK^y Hros., of 
Maiu'hester, in a i^reat \<irit*ty of si/c:s, of which several arc! illustiatcd. 

shows the smallest size of 1 [ to 2?, b.h.p. suitable U)V town tjas, and the 
ignition is effected by the customary tulx! arran^c'inent. A larger, 12-b.h.p. size, for 
lij^htin^ pur[)os( s is shown in fii^. 364, ;ind a still larger, 30- to 40-b.h.p. engine, in lit;'. 365. 




Sucti(>n jL;as max' b(! us(‘d in the larger engines, but in such cases maLtn(-‘to-ii4nition 
arrant;c*ments are provided. 

Westinghouse Gas Engine. A s(*ction throui^h tin* cylinder and essential parts 
ol a single ac ting \\ estini^houst! em^ine is ji^iven in lit;*. 366, and a general view of a 
24(')-b.h.p. vertical tandem tour evlinder engine is givttn in fig. 367. 

hrom the section, tig. 366, which ^illustrates either the two-cylinder or thrc/ii-cyliiuk*!* 
arrangement, it will lx* seen that the valv(*s art' operated from thc^ cam shaft es, and 
that the action is based upon the Otto cycle. d'lu^re is therefore oiu* impulse jK*r 
revolution in th(^ two-cylinder engine typ(‘, and out! [K*r strode in the four-cylinder 
arrangement, fig. 3()7. 

Water jackets are provid(*d around the parts subjc'ctt'd to the high temperature of 
the exhaust, and the water chamber is carried around the stem of the e.xhausl valve in 
(‘Ugines of over 100 la^rse pox>er. 

1 ligh-tension eU'Ctric ignition is provided, and the current is supplied by a small 
charging dynamo driven from the engine. 
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lo start the engine compressed air is admitted durinj^ eacli stroke to oiu' of ilie 
cylinders until an explosion of the char^.* in one of the other cylinders takes place, wlum 
the compressed-air sij[)ply is cut off from the first cylinder, and th(‘ mixture supplied 
instead. 

During' the running of tin* cMiginc; a small dirc'ct-drixaai com])ress(‘r charges a 
reservoir with compressed air for restarting* purposes, and in the case of large installations 
s(.‘parately-driven compressors are used. 

With these! brief descriptions this section must now lie concluded, as it is impossible* 
in the limited space lo d(*scribe all of the. many interesting gas engines that havi* been 
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introduced in this and other countries, but before proceeding to the ('on.si<leralion ol 
carbur(*tted-air engines soiik! mention must lie made of two ty|)es whi('h work upon 
a six-stage cycle. .Special arrangements an? [irovided in (*ngines of this kind, not onl\ 
for exhausting th(! burnt gases in the usual way after the working stroke, but also for 
exjielling any residual gases by means of a blast of air. After the fourth stroke of the 
ordinary Otto cycle a blast of pure air is drawn into the* cyliiul(.*r and f'mally expelled. 

The Griffin System.-- In (engines of this cyck? then* are two exi)losions (!very 
three strokes, but since the (iriffin engine is double acting, oiu? im|)ulse is givem to 
the piston every revolution and a half. I he succ(*ssiv(? stages aia.*: (i) Aspiration of 
the gas and air mixture; (2) Compression; (3) Ignition, expansion, driving stroke; 
(4) Exhaust of the burnt gases; (3) Admission of air blast to complete th(! (txjiulsion 
of the burnt gases; (6) Complete exhaust. Admission and ignition are controlled by 
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;i slide \'al\'e, and die s[)eed is rc-^ulaled within small limits liy means of a governor, 
whic h arts on the i^as admission valve? placed on the top ot die cylinder. As the s[)eed 
varies the* governor suitably advances a iriann*iilar wed^c*, which holds the? valve oiien 
for a longer or shorter j)eriod. d'wo valves worked by two cams at |)(?riods of I'evolu- 
don serve alternatively lor the (?\haiist from the two sides of the piston. Vvom official 
tests ot a i2-h.j). engine the consumption is stated to lie about 28 cu. It. of ^as |)er 
hors(*-power hour, and for re;^ularity of working the; engine? was placed in the first class. 
( 'oiisiderinin the six sta^e system of working', this result is worthy of notice?. 



Rollason Engine. 1 his engine works upon the same, cycle as the |)recedino 
oiu‘, but nu'effianically the arran^eMiient rescaiibles to a j^reater extent the Otto enL;ine. 
An ini^enious type* of ele‘ctrical !L;ovc*riior acting upon the i^as admission avuoniatically 
proportions the supply to suit the* power to be' d(?velopeti, and thus (?nsures a constant 
sp(‘('d. hor (‘iv^ini's of fre)m 20 to \oo h.p. a self-siartini^ device is provided to dis[)ense 
with the? arduous labour of turniiiL;' the engine* by hand. By /x.imple'tedy expelling the 
residual Leases, as in the (irifim (*n^ine, it has beem found possible to work with the 
\’ery dilute mixtures which in the ( )tto (‘ntfiiu' resulted in miss-fir*es. 'J'he economy 
is satisfactory, and the e:ngine has been o(jnei*ally ajiplied in this country with successful 
results. 
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VAPORIZERS AND CARBURETTORS FOR OIL AND 

VAPOUR ENGINES 

Wlu‘11 cold air is saturated willt the va|)our of volatile oils, such as j;asoleu(- or 
li.oht petroKaim, havin-- a iiK'an thaisity of about 0.65, there is formed a combustible 
mixtuie similai iu its j^roperties to lij^htiutf ,i;as and e(jually suilabh? lor the workiiiLf ol 
iiUei nal - (.ombustion engines. Many arrauvfemeiits haw; bi'isi dexised tor produciii^ 
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tlic ncrossarv rarlninition of air, and rrrtain of tln‘s(‘ whiili alone will lx* dcseril icd 
have i^iveii j^ood results in actual servi('e. 

Mille Gas System. In tliis system advantai^e is taken of the <^yriarv densit\' 
of the spirit vapour compared with that of air. W hen the spirit is \ olatili/ed, the 
vapour as it forms falls to the bottom of th(* reservoir and sin ks in a supj)ly of air. 
ddie mixture' of vapour and air tlien passrts to the combustion chamber through a tube 
from th(! bottom of tiu! revservoir, which is plac(‘d at a hit^lier lev(‘l. In om* ol the 
earliest arranufements, dewdsed by bafroiiLf, the* saturation was ('Kected by means of a 
small hot-air engine; and in certain oth(.*r systems, such as the! Ilaerson, Plu)(*r and 
Muller of Ibrmiiyu-ham, and the h'clipse! and l'h(ebus eni^ines, a small fan driven by a 
fallinjj^ wi'i^ht sup[)lied the air reejuired for the mixture. A sp(‘cies of (jilfard injector 
is used for the same [niriiose in the Kouilli system. In this arrangement oil vaporiz(*d 
in a heat(-‘d retort is passed through a nozzle into an ex|iandinL; tube connected 
to tile vapour reservoir. At the side of the combinintj nozzk* is |)ro\id(.*d a lateral 
o[)(MiinL;' throuLth which th(* air supply is suckcxl in by the? rapid passat^i! ol th(! vajxiur 
through the narrow tapered nozzle. 
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Faignot System,— Air in this arrani^emcnl is supplied by a sprinfr-drivon fan, 
which forces it into a ehainl)er dividcsl by porous earthenware partitions into horizontal 
la\ers C( 5 ntainin ;4 the spirits to be vaporized. 'I'he richness of the ^as produced may 
be controlled by cutting off the air supjdy to one or more of the sections, suitable air 
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cocks provitU-il lor th(‘ purpose. At the AiUvv(*rp exhibition of 1SS5 one of tliese 

carburettors was shown working* in conjunction with a lUMiier en*4*ine, and the* combined 
arranv;enu‘nt has bc'en largely adopted for th(! li^htiniL;' of houses and churches, and 
particularly ot buildintjs that are not j^rov'ided with a i;as supply. 

Lenoir Carburettor, b'or many years, und particularly since the commencement 
ol the ra[)id developnuau of die i>.is eni^iiKa much attention has been i»*ivcn to the 
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tlosis^n of suit:ililc; c:irhurctlors for oil-vapour oni^inos. One. of tli(; most iiio-onious of 
these is the laaioir carburettor, manufactured by Messrs. Rouari Hros., .and .ipplieel to 
the I.enoir (hi eiyoine. It consists of a cylimler, which is rotaual bv the engine lhroui;h 
suitable j^e.arino at a speed of from live to si.x revolutions pea- minute. X'ertical 
Iterforated diaphragms ilivide the cylindea- into a number of comparinnaus, and .s])iral 
rect^sses are formed in the inner wall of tin; chamlxa-. As the cylinder rotates, the 
oil rises in the .spiral rece.s.ses to the top, wlna-e it falls down in a showea-, and thus 
siiturates the air with va[)our. 'The mixture of air ami vapour is tlnat sucked during 
the first stroke of each cycle into the working cylimka-. Lemnr (ai,t;ines fitted with this 
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oarl)iirctlor ha\(* heen list'd with nuich siicccss tor tiu* dri\’iniL!;^ ot ai^rii iiltural inaciiiiU'S 
and for motor launches. 

Schrab Carburettor. Scv(.*ral novel fcatiircs an* cmliodicd in this invention, 
which has e^iven exceptionally economical results. 1 h(^ oil to lx* vapori/ed is cin ulated 
in the cylinder jackets instttad of cooliniL;' wat(.*r, and is thus heated to a t(*m|)eratur(* ol 
about (So" C. It thtai passes through a chamber divided by partitions into several 
compartments, where it comes into intimate contact with the e.xhaust teases. 1 hese 
eases become n'chareed with hydroLjen, carbon monoxid<*, and other highly ('ombiistibkr 
teases, and are a^ain made suitalde. for con*ibustion in th<* (*nein(-* wh(*n the necesstiry 
oxyo'en is sup|)lied. I hi! inventor claims that the exhaust j^ases do not entrain more 
than on(.*-sixtecnth part of the amount of spirit vapour carriixl away by a stream of [)m(* 
air, and in this way he accounts lor the rianarkably (economical results that havie b(.*en 
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c^lHainctl. A supply of J /. j)inl of i^asolcnc per horse i>ower was fuuiul to be, sufficient 
to run the eiij^ine for ten workint;* hours. 

Meyer Carburettor. — It is j)ossil)le in tliis carl)urettor to c()mj)lete]y volatilize 
hravv oils of a cruder and cheaper kind than ordinary gasolene. 'I'he oil to be vaporized 
is adnntt(‘d, drop by dro|), into a sheet-metal vessel about 3 in. in diameter and i \ in. 
hi^h, which is heated by a gas llanu*. 'Idle vapour thus formed under some pressure 
passes at a (onsiderable s|)ee(l through an air injector into a gasometer, and is prevenUal 
by a non-return valve from passing back again to the carlairettor. ]\y means of an 
automatic-\'al\a* arrangement the stnmgth of tlui heat(‘r llame is reduced as soon as 
the gasometer is fillcal, and in this way the su[)ply of vapour is automatically regulat(‘d 
to suit the demands of the engine. 

Delamare Carburettor. Mr. Delamare - Debouttevilk' has deviscal this very 
compact carburettor for use in conjunction with the Sim|)l(?\ engine, in which light oil 
vapours are burned. ddu* gasolene contained in an elc^vated reservoir drips in a tine 
stream through a sto[) cock on to a spirally arranged horse-hair brush, where it comes 
into contact with a stream of h(.*ated water from the water jackets of tlui cylinder. I'wo 
purposes are served by the hot water. I?y raising th(^ temperature of the spirit it increases 
tlu‘ rapidity of the vai)orization, and it also washes out any im[)urities that it may contain. 
I h(‘ li(|uit! gasolene and the' water fall together to the* bottom of the closeul vessel, when! 
the! water is drawn off threiugh a siphon and rejecte^el. ddie ceiinbustilile xapours pass 
to the engine* through a valve whie:h prevents all danger of the flame jum[)ing liack anel 
igniting the e*.\plosive mi.xture in thei reserve)ir. As a result of the pre‘liminary washing 
of the gasole*ne! the cylinele‘r walls elo not bejcome! foul, anel are accordingly more easily 
k(‘pt in gooel condition, and the whole: working of the engine: is im[)re)ve:d. 

Lothammer Carburettor. Separation of the: volatile spirit vapour freim the air 
takes place* as re*adily as the saturation of the* air, and for this reason it is ne*cessary to 
place the carbur(*ttor as near as possible to the engine cyliiKle*r in which it is te) be 
consumed. In the Lothammer arrangement [larticular attentie)n has been given to the 
proeluction of a ve*ry intimate: mixture e)f the; air anel vapour without, however, int:re_*asing 
the com|)lie‘ation of the* carburettor, d'he air e*nters the bottom of the e'arl)urette)r, which 
is mainlaine*d at a ce)nstant tempe*rature by means e)f a flame*, and passes iij) thre)Ugh 
the gasole‘ne in numere)us line jets, becoming in its passage uniformly charged with the 
combustible* vap()urs. (ie)oel working re*sults have bee;n obtained from the Le)thamme*r 
a[)paratus in the many a])plications it has receive‘el. 
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Durand Engine.— It is claimeel for this engine that it is able to work eejually we‘11 
on gas or [)(*lr()le:um, and that it works regularly without attention, anel is not ce)stly 
although stre)ngly ce)nstructe*d. Vo a ce'rtain extent these claims are justified by re;sults; 
but the mechanism is somewhat comjdicateel, and the design is not carrieel out on well- 
[)roven lines. It is a four-cycle e*ngine.* with e.*lectric ignition, the spark being producexl 
by the; interruption of the current from a small magneto machine driven by the engine 
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fio-. 36S. Governino- is done by tlirottlino the ^as supply at the admission valve, 
and the air sui)ply is sucked directly by the piston oven- a sieve heated by a special 
arrangement in which the (txhaiist oases circulate. From tiiis initial iK'utino of the air a 
certain economy of oas results. The carburettor is automatic and seir-reoiilalino-. It con 
sisls of a h(.-nnelically-seal(;d cylindrical ve.s.sel filled with the oil supply. On the surface 
of the oil there lloat.s a mass of cork, into the centre of which the air to be carburetteil 
is led throuoh a ()ipe in the cover. The cork acts as a sponoe and .soaks in the volatile 
spirits, which are thus brouoht into close contact with the air. 'flK! evajioration is always 
superficitd, aiul th(! impurities remain in the bottom of the ve.ssel. Ik troleiim havino a 
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Specific gravity of aliout .7 is userd, as it not only costs soinewliat l(*s.s than L^asolcnc, 
l)Ut is also more la-xidily procurable. As already stated, th(^ one serious (brleci of ihe 
Durand (‘n<rine consists in the number and the comjilit'ation of tlie jKirts. In the ease; of 
iL;as (!n^ines, which are suljject(‘d to continual sevc.Tc* shocks, the fewer the working pails 
the bett(-r, as otherwise thf^ wear b(.*comes very considerable, and th(r diffuailty of etlici(*ntly 
luljriratiiye' the working surfaces and the cylinder is increased. 

Daimler Engine. -1 his motor is best known by reason of its extensive* use in 
th(! motor cars of Panhard & l\!u;4c*ot, wln*ch have? earned for themselves the hi.L;h(*st 
reputations for economy and jL;'(Mieral |-erlection. In the t) pe of entwine* ap|)lied to 
motor cars, the cylinders, insU*ad of beini,^’ placed sid(! by side, ant arrant;(al one behind 
the other in a position slii^htly incliiu'd to the vertical. (compressed air (.*nt(-*is the 
cylinders throuL>*h a c(*ntral valve as soon as the exiiansion is com|)leted, and (*xpels 
tht! products of combustion. Ihe exhaust and admission valv(*s, toi^ethei with the 
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ao^rlcultural purposes. The oiv^inc?, as arranood for town oas, differs from those alr(‘ady 
described in details alone. It works on a four-stroke cycle, and the firin’^' of the inixture 
is done by means of a small battery, or by a magneto driven from tlu^ en^ini' shaft. 'To 
make the engine suitable for running on oil vapour a carburettor and the nec(‘ssary oil 
reservoirs are added. Air is sucked in by tin* motion of the pistons o\ er tlie petroleum 
or other volatile mineral oils contained in the carburettor cylinder, and IxTomes charged 
with hydrocarbon vapours. In coniuxaion with th(‘ carburettor chamlxa* is a tank 
containing a reserve supply of sev(a*al pints of oil, and a spcxaal rt‘gulator keeps the 
level in the carburc'ttor always constant, howt.‘vc*r variable tlu‘ dcanands may hi*, d Ik* 
arrangement, which is both simpU^ and strong, makes th(* engiiK* [)articularly suitable 
for agricultural [)urpos(*s. 

CARBURETTED-AIR ENGINES FOR MOTOR CARS 

Within the past lew yfsirs the great develoj)ment of the motor car industry has 
opened a new lield for vapour (‘UgiiK^s of the* lightest and most compact kind, and to 
an ever incr(‘asing (‘xtent these engines are being applicxl to such other purposes as 
the driving of boats’ fire? engine's and portable* pumps and drills. 

Uneler the mot(-)r-car seiction carbureate*d-air e*ngin(*s have be‘e*n eh'seribe'd in con 
siderable ele*tail, anel further refere‘nce to the*m here! is lhe*re*for(! uniu'cessary. 

OIL ENGINES 

'I he-re is a givat differe!nce, e*specially t'ls regarels ejconomy, between the volatile 
e')il or carl>ure*tteel-air engines, alreaely describee!, anel those in whieh are buriK'd the 
ordinary commercial petredetim anel lamp oils. d'he*se! oils have* a s|)e‘e'iric gratity of 
abe)ut 0.8, anel are less dangerous to use*, as the) ele) not give* oft inllaminable* vapours 
until a temperature of from 30'' to 50'' C. is ivached. 'I'lu! price* is also le-ss than that 
of gase)lene! and similar spirits, anel from the point of view e)f running costs there* is a 
cemsielerable advantage in using engines which burn orelinary illuminating e)il whe*re \e*r 
the conditie)ns are! fave:)urable. In certain elistricts where town gas is ce)sily or where* 
suitable gas is not re!adily obtainable the use e)l th<*se: e)il engine*s has very rapielly 
e.\te!nded. "Fhe first example!, freim which the whole! family e)| (*ngines burning the 
heavier enls may be ce:)nsidere!d as derive*el, is the Hrayte)n engine, introduc(*el as earl)' 
as 1872. 

Brayton Ready Motor. — This engine belongs to the thirel class alreaely me*n- 
tionexl, in which the gases are! burneel unele!r pressure. It has two c)lind(*rs one for 
the compressie^n of the mixture, the e)ther being the! we)rking cylineler. In the* course 
of the compr(!Sseel air is formexl a s[>ace, in which are* pat'kexl absorbe*nt materials, such 
as hemp and felt, and a spex'ial pum[) is provielexl to ke*ep them constantly soake*el with 
the oil. The carburatiejii of the air then ce)nsists in blowing the oil e'arri(*el by the* 
pore^us mass of felt inte^ foam by merans e)f a jet of C(anpr(!ss(*el air, anel in then passing 
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tin* su|)[)Iy of pure .lir. In its passa^o tliroiioh tlio felt the air ]:)oconies cbarijcJ vvilli 
a cloikl of oil i^Iolnilcs- in a condition suitaljl(! for comhustiun in the cylinder (jf the; 
eiiL^ine. Heavy and relatixely cheap oils may be us(.*d with eciiially (‘conomical results. 
rh(n’ have the further advanta^’e that the? oily residues help to lubricate the cylinder. 
OiK^ volume! of petroleum serves for the carburation of 2 .j,ooo volumes of air when 
wf)rkin;4 on the l>ra\ton system.. Loth vertical and horizontal typc!S of the entwine are 
('onstruct(‘d, and th(! compression cylinder is Li'enerally arranged above tlu* workint»* 
cylinder. Durint; the* first third of the? stroke the mixture! of air and oil in an ate)mi/exl 
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conelition is aelmitteel te) the' workiiiLi* cylineler, and after the firing* of the charge the! 
piston is driven to tlxe end of its stroke! by the expansion of the ;^ases. Lxhaust e,)f 
the waste proelucts take's |)]ace thre)unhout the* return stroke, anel as the engine is 
elouble actin;^ a similar sc'ries of oj)eratie)ns takes place! on the othe'r face e)f the piston. 
'To elispense with the* nece‘ssity, wlien starting;-, of turninj^- the flywheel a reserve)ir e)f 
ce)mpressed air char^eel l)y the enj^ine itse'lf is |)re)vieleel. 

Lrayton e'ni^ine s are constructed for pe)we!rs e)f fre^m i te) 10 h.p., and as the we^rkintj 
costs are le ss than for carburetteel-air ('nL»*ines they are! particularly suitable! lor districts 
wliere town <;as is not available* e^r is toe) ce)stly. 

In iSe)e) an improveHl e)f Lrayton engine which ^axe still more economical 

results was introduea'el. It worke'el e)n the* four-stre)ke cycle* and was sinj^le-actinif. 
.\s in the* e*arlier enj^ine, the oil was stipplieel te) the cylinder in an atomized form, but 
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the aiTan.!4einc‘nts \v(tr(! greatly improved. The rectilinear m()tii>n of the piston rod 
was transmitted through a la.-am and connectiii!; rod, from which was also worked the 
piston of the com[)ressor. lanition of the mixture was effixtcal l)y means of a platimim 
i;apsnle kc-pt at a nal heat hy the temperature arisino from the repeated comI)ustion in 
the cylinder. I his latter feattire distinguishes many of the enoines hnrnino illuminatino' 
oils, and the Hrayton engine may he considertxl as the lirst example of a class which 
during the last few yexirs has been hrouoht to a staKt of great perfectii)!!. 
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Security Engine. I'hc Security (Tii^inc w.is |)at(‘nt(Tl in 1S7; hy Messrs. Del 
inont, Chal)out, & I )iederichs, and is liuilt at Hoiirnoin in DVaiua;. It works on the 
four-stroke cycle, and ij^nition is effected I>y means of a lul)e healed to redness l>y the 
combustion of a mixture of compressed air and vauour, wliicli is ( irculated in a spiral 
tube heated by the waste heat from th(i cylinder, (.'ommunication between the interior 
of the heated tube and the combustion chamber is controlled by means ol a special 
valve so that the mom(*nt of die explosion may be very exactly r(‘i4ulated. Another 
spiral tLiI)e placed in the course (.)f the hot exhaust eases serves lor lh(! vaporization 
of lh(! oil, and the vaj)our thus formed has suthci(*nt pressure to entrain th(t necessary 
su[)ply of air as it passes through an injector into the cylinder. 'Fo start the eneine 
from the cold condition the air is initially carburetted with a small ([uantity of easolene, 
and this [irocess is continued until the spiral becomes suffici(‘ntly hot, when the action 
becomes entirely automatic, l.ater engines of the same general type have given much 
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I)f;tler results, hut the; use of two sepiirate arran^enients for vaporizing the oil 
introduces much cmnplioation, and the cost is excessive in comparison with the economy 
obtained. 

Priestman Engine. — This interesting engine dates from 1886, when a patent 
was granted to Dent N: I’rie.siman. In general principle it resembles the Otto engine, 
but to permit of the use of heavy-oil vapours a special arrangement of an ingenious 
nature has been provided. Compressed air is supplied by a single-acting pump at a 
pressure suitable for the particular size and power of the engine, and is stored in a 
reservoir which is placed at the front of the engine and provided with a non-return 



37a. — Campbell Oil Engine, Elcdiic Lighting 'rype, htlcil with Starting Appar.itus 


regulating valve. I'lie [nimp is driven by ;m eccentric keyed to a half-.speed shaft, 
which, as the name; implies, is so geared as to run at half the sjteed of the crank shaft. 
As the compresstal air enters the reservoir in a jet, it sprays the oil contained in the 
chamber and carries it over in a state of fim; division into a vaporizer lusated by the 
exhtiust gases. A further supply of air is added to bring the mixture to tm explosive 
condition before its admission through an automatic valve into the explosion chamber. 
After the compression and tht; working strokes are completed, the exhaust of the waste 
gas('s takes pl.ice through a valv(; controlled from the same shaft which operates the 
air-compressing pump. In this way the number of the working parts is reduced to a 
minimum, and the imnitaljU; lo.s.se.s tlue to soiling that result in other .systems from the 
transfer of the oil vapours at a high temperature are avoided. Horizontal engines of 
from I to 50 h.p., fig. 370, are in frequent use, and engines of the vertical marine 
tyjic are built in sizes ranging from 3 to 100 h.p. To start the Priestman engine 
a special lamp and automatic cock arc provided, and the operation does not require 
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more than a few minutes. When once started, the ignition is effecteil either electrically 
or by means of an incand<!sccnt tube, as may be preferreil by the user. 

Ca.nipbell Engine. -As few working parts as possible are usetl in the Campbell 
engine, and the design is uf a very substantial kind. 1 hree valves only are involvetl, 
and one of these is controlled by a centrifugal governor which determines the admi.ssion 
of the mi.xturc and the power developed from mom(>nt to moment. The vai)orizer is 



I'ig. 373. — Vuiliciil InvtMlcd (Jn>b Uil Kiigmf 


heated by means of an oil lamp, and the slartiiio’ of the enj^iiK* is not difficult; but in 
the engines, fij^s. 371, 372, a startinjj arranoement is provided, the reservoir beiiijt* 
shown at the side of the en<rine in fi}^. 372. The cheaijcst brands of petroleum may 
be burned without tremble, and the engine is controlled by a special tyj)e of balances 
jjfovernor positively driven from the shaft. 

Grob Engine. As illustrated in figs. 373 and 374. this engine is arranged 
vertically with the cylinder at the top and the crank shaft with its flywheel and driving 
pulley at the bottom. It works on the Otto four-stroke cycle, and is designed to run 
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oil ordinary conimercial jictroleum. The action is as follows; A [iiinip driven by the 
eiiffine injects the oil to be vaporized into an atomizer, which breaks up the inflam- 
mable liquid into an extremely fine cloud of trlobules. 'I'he mixture of air and oil 
then passirs into a tube (rxposed externally to the action of a flame, where the charge 



Fig. 374. — Sfctlon of fiioli l*'nj;ine 


is oasiticcl iis cntnuicti into thv. cylincU^r. By these means the oil is vaporized 

without the use of complicated <4ear, and the oil is admitted in the* state of vapour into 
the cylinder, where it is ignited at the proper instant by contact with an incandescent 
tube*. Initial compression of the charge makes it possible to reduce the diameter of 
the cylinder, and with it the weight of the engine for a givx*n output, as the expansion 
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is to a correspond injT detrree more (.‘neri^etic. Reifulation of the sjkmhI takes place on 
the “hit and miss” principle, the ignition of the charge heing suppressed whenever 
the speed exceeds certain predetermined limits. Under the ordinary working conditions 
the walls of th(? cylinder are allowed to remain at a tempenitiire sufficient to ensure the 
combustion of the mixture. 

Efficient wat(!r-j;icketing arrangenuaits are essential in till heat engines of th(“ 
interntil-explosion typ<f, to prevent the cylinder wtills from reaching a temperature ihtit 



Tij;. 375.— Capilaiiic 


would iiUerfcrc with the luhricatioii of the w<)rkin<if parts. 11 no cooling* arranj^enicnts 
w(‘re provi(l(.*d, the cylinder walls would, aft(*r a vt^ry few exfdosions, become red hot. 
When a continuous supply of cold water is not availabh*, it is necessary to recool the 
water after its passage throuj^jh the jackets, so that the same (juantity of water may be 
repeatedly used. In the (irob engine the cooler adopted consists of a cylindrical sheet- 
metal r(Lservoir, havinj^j a capacity which is designed to suit the powc^r of the enj^ine. 
b'or each horse-power a water ca[)acity of about 2 .] tjal. is allowed. 1 he heated water 
from the cylinder jacket passes into the cooler at a temperature of about jd" C., and 
trickles over wooden screens occupying half the height of the cylinder. In its passage 
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over th(t uralin^s the water comes in contact with a stron<,r blast, supplied hy a fan at 
the side of the chainher. In this way thi' temperature of the water may he reilueed 
hy the vaporization that takes place to from 20 to 25 C., at which temperature it is 

sufficiently cool for reuse in the water jacket. 

Moth th<‘ (iroh and the .Merlin entwines .are based on the systcan of the Capitainc 
engine, which will he ne.\t descrihed, hut they do not work with the .same rc.nularity, and 
are not so well desi^iKsl. In the (Irolt engine in particular the principle of the vaporizer 
is deh.-ctive, as the oil, through heim>' tiasified at a hi,”h temix*rature, tends to decom- 
pose and settle in an ohjectionalile form on the surfaces of the warm jiarts. This 
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ili'lcct is oiu* whicli is coninion inany cn^iiu's that in otlK.*r res[)ncls arc^ well 
(l(‘sii^nc‘cl. 

Ca,pitd.ine Engine. — H(‘(()rn llir commcMU CMiUMU <>f his experinu/nts on oil engines, 
hanilo (. apitainn hail alrraily i^aininl considerable e\|')erience in thi! desitfii of g^as engines, 
to the clevelo[)nu*nt ol which his work* in no small degree contrilTiited. 11 is first oil- 
engine patent dates from 1S79, and from that time until 1SS6, when a further patimt was 
granted, he carried out a continuous scries of laborious and costly experiments with 
a view to d(‘vising an engine which would run satisfactorily* on ordinary lighting 
[lelroleiim having a density of about o.SS. 

(lood results were obtainiul from the early engine, which worked without either flame 
or hixiiing tube; but it was found necessary to give each time a full charge*, or at the least 
75 per cent. Otherwise, if the charge were too small or omitted, the vaporizer chamber, 
which was maintained at the necessary temperature by the repi^aied explosions, became 


CAriTAlXH OIL KNr.lXE 


101 


diilletl to too oToat an extent. From this it will lx; (tviclent that tlu; engine could only 
work iind(!r certain conditions. Numerous exiH rimcnts were also made with a view to 
arrivin'^- at a type of t^n-fine which would work (‘(jually efficiently at full and low loads, 
the consumption of oil hein<r proportional to the power developed. Two new ])atents 
were obtained for a system of re_t;ulalin;4 the temperature, but the -jear was of too 
complicated a nature, ami finally, after much experimtmtinu-, Capitaine adopuxl the lamp 
heatino systtmi, which has oiven very i^ood rt'sults. In this later type of engine the 
vaporiztM- remained always in communication with the interior of the cylimler, but its 
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form was such that c.V(mi when heated to redness premature explosion of the. mixture 
did not take place, and tlie formation of carhonaceous deposits on tint inner surfaces was 
entirc^ly avoided. 

In the Cai)itaine eno-ine of 1S92 iSp^, althouj^h a vaporixcT lamp is provided, it 
may be disp(‘nsed with, as th(^ (Mioine can also work on the [)neumatic system emplo)cd 
in th(* 1886 type, with, as Ixdbre, the conditions that the charo(? must not b(! less than 
75 per c(mt of the full amount, and that the number of ex[)losions must not Ik; reduc(;d. 
Considerino* the uniformly ^ood diajrrams that are obtainabk; from th(‘ ( apitaine entwine* 
without a heatinj^ lamp, when the temperature of the vaporize;!* varies within consider- 
able limits, all that is necessary for successful workinij is to enclose* tlu; vape>ri/er and 
to allow it to retain as much *as possible of the heat of (;ach (*xplosion. Above all, it is 
essential to protect it during* the suction period from the contact of cold air or of i^as at 
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a lower temperature. Hy observing* these conditions Capitaine has succeeded in devisinj^ 
a type* e)f en^^ine^ which |L;ives excellent results and docs not involve the us(! of a heatiny^ 
lamp. Hy carefully coatiiijn all the surfaces with refractory non-conductini^* materials, he 
has also succeedexl in placinjf the va|)orizer within the combustion chamber itself In 
this arrangement, which forms the subject of a separate [)atent, a quantity of hot and 
ex[)and(‘d ^as is allowed to i)ass into the? vaporizer by means e)f a small valve, which opens 
at the end e)f the ex|)ansie^n stre)k(*, and closes immediately thereafter, when the large 
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exhaust valve* is ope*ne.*el. d'o start the* e?ng’ine from the? cold condition the vapen'i/er must 
first be he*ate‘d by means e)f a hanel lam[) fe)r two or three minute*s. 

'flu* characte‘ristic feature's e)f the engine may l)e* summari/e*d as follows: — 

1. It dis|)enses with a he*ating lamp or e)the‘r similar gear. 

2. Only two e)r three* minutes are? reejuired for the starling e^f the? engine, owing 

te) ce?rtain fe*atures in the? design of the vape)rizer: [(f) the? limited admis- 
sion e)f air; [d) its inclusion in the combustion chamber; (c) the use of 
ne)n-ce3nelucting ce)ve*ring^; and (e/) the use of the.* very hot -gases for 
heating it. 

3. 'I'he vape)rize*r is ne)t coe)led during the suctie)n stroke, or when ex[)leisions are? 

missed fe)r the purpe^se e)f economically regulating the speed. 

Merlin Engine. - be) some extent this vertical type bears se^mc resemblance 
te) the one just described, but*; the arrangement and certain of the details are entirely 
different. In the base is formed a res(*rve)ir in which is storexl the supply e)f oil for 
the engine. An air pump communicating with the reservoir forces the oil up to a 
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second pump, which lh(;n drives it drop hy dro]) throu-^h an atomizer into the vaporizer. 
At each stroke of the piston the valve of the atomizer o|)ens and doses automatically, 
and the gasification takes place In- atomizing and vaporizing the oil. A special form 
of heating lamj), giving an intense flame, is used for maintaining the teiniierature of 
the vaporizer. The engine works on tin; four-strokt; cycle, ainl the firing of the mixture 
lakes place in contact with the walls of the va|)orizer, which have; a temperature suffi- 
citmtly great to |)rt;v<Mit all danger of miss fires. A gi^vernor acts upon the oil suiiply 
pump in such a way as to make the consumption vary with the power developed, and 
at the .same time it further controls the speeil hy acting on the <'.xhausi v;ilve anil thus 
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prcvcntinij compn'ssion. "I ho workinj^ s|)(_*(.‘tl of tlu* cni^iiu! is very Altli()iii;li 

this engine was awarded the first prize at th(! special exhil^ition tor oil enj^ines held 
in 1894 at Meaux, it is now in very many respects inferior to other types of later 


(lesion. 

Hornsby Engine. Any of the (ommon commercial oils, from the? ordinar\ 
liohtino- petroleum to the heavier oils havino a Hash point of lOo” open test C., may 
he used without a carburettor in this entjine. 'Ihe base of the enoine serves as a 
reservoir for the oil supply, and th(! arranoement throii^hotit has been madt* of the 
simplest possible description to ensure freedom from breakdown, bij^. 37‘^ is a s(*ction 
thrcxigh the cylinder and valves, which will serve to illustrate the action, while fi^. 479 
shows the external appearance of the engine. A sp(K:ial portabkt oil lamp at t]vt (tnd 
of the cylinder serves to heat the vaporizer chamber when startiiij^ the enj^ine, and 
about ten minutes are rcfjuirtxl with the oil flame to h(.*at the vaporizer to a tempera- 
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tunr sufficient to ensure* tlie iujiiition of ther explosive mixture. The chamber is con- 
necUrd to lh(! cylinder l)y a small pipe, through which the air in the cylinder, compressed 
durinv; the return stroke of the* piston, is driven. In this way the* chamber be^comes 
fille*d with comi)resse.‘d air. 'Fowards the end of the same stre)ke the exact ejuantity e)f 
oil r(*t|uireel to form an e‘xpIosive mixture is injected inte) the chamber by me-ans of a 
pum[) which is driven from a cajii on the hall s[)e:e.‘d shaft e)f the e*noine. 'To re'o'ulate 
{hr, su|)ply of oil, the stre)ke* of the [)ump piston may be varied by adjustini^ the* positic^n 
of a stop piece* whicli limits th(! lrave*l. After the cam has comj)lete*d the discharge! 
stroke of the piston, the return stroke is made under the action of a spiral sprint- until 
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the slo|) conu‘s into action. The de'livery valve of the pimi]) is under the! control of 
the! (*nj4iiU! o-overnor. Rapid and complete vaporization of the oil take!S place as se)on 
as it is injerled into the compressexl air, and the mixture immediately cxple)des in 
contact with the he/aied walls of the; chambe*r. I'o start the! engine! after th^ vaporizer 
hris bee*!! he*ate*el with the lamp for a short time*, it is iU!cessary to turn the Ilywheje*! 
by hand until the* first e*\plosion take*s place, after which the lam[) may be extini^uishcal, 
as the repe*ated explosions are sufficient to maintain the temjierature of the vaporizer. 
In fii;s. 37S anel the! oil [)ump, which is of the plunder type, is sheiwai attacheel 

near the! cylinde*!* end of the* base, and the suction and discharge e)il j)ipes are also 
shown, the former communicatin;^ with the reservoir in the base, and the latter with 
the: vaporizer. W’hen the speed excee!ds the fixed limit the governor closes the oil- 
admission valve from the* vapeirizer and r(*turns the oil to the reservoir. As in all other 
four-stroke cycle engines in which the power is controlled by suppressing the ignition, 
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it is necessary to provide sufficIcMitly licavy llyul'ieels to ensure unitorni riinninti'. W at(T 
jackets are provided to cool the walls of the cylinder. Scotch shale oils of a density 
of 0.S5 may he burned in the ent^iiu*, the consuinj)tion hein^* less than i pt. pcs* horsci- 
povv(‘r hour. Carbonaceous deposits do not form so r(‘adily as in other types of entwines, 
and less troubk* is ('xpt'rienced in this vv^[)ccL 

An illustration of a IIornsl)y oil (‘ntjine of a s|)ecially solid construction is ti‘iven. 
in 380. It is inteiuU'd for (‘h'ctric lij^htini; [)uri)os(‘s, and has an extra heavy llywhec‘l 
supported by an additional outer bearing;'. 

Ragot Engine. — As in the e\ampl(‘s alr(\ady j^iven, this entwine, fii^s. 3S1 and 3S2, 
is dcsiened to work on heavy oils, anti partitailarly shale oils, which do not vapori/e at 



a temperature below .15' C. It has tht* further advanta^ti of Ihm’iijl;- considerably less 
in cost than otlua* engines in which such oils as na|)htha, ben/ene, and t^asolene are 
burned. To suit various conditions the en^^ine is built in a number ol dilfertait ft)rms 
and sizes, and in its aj)plication to electric liLthtin^* it has been particularly successful, 
owintj lare*(‘ly to the low prices of the fuc^l and the correspondingly low prict* of iht; 
power, and also to the. regularity of the motion. Later modifications of the parts have* 
been successfully made, with a view to makine^ the en.^ine so simple that a person 

not S|K!cialIy skilled in the work may not only keep th(; engine in i^ood condition, bul 

also, when recjuired, erect, or dismantl(! it for overhauliniLt’. 1 he Katjot carburettor shown 
in the illustration, fi<^. 3S3, is particularly well designed, and deserves special notice*. 
It is so arrani^ed that th(! h(*avier portions of the petroleum or shak* oil are: first ab- 
sorbed, so that the cleaniiv^* that is requircxl is of an inconsiderable^ ame>unt. As she)un 
ia the sectional elevatie^n, fi^'. 383, the carburettor pe)rtie)n consists eif a e:ast-biass 

tube, smoe)th internally and pre)vidc*d e)n the outside with a spiral web, whieh forms, 
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w'Ik'Ii enclose**.] Ill «i ciisin^', u continuous spinil pussci^c licutccl liy llic stronp^ fljinic of 
;in oil lamp. 'I'he oil’ enters ihrouoh the funnel mouth and de.scends the long spiral 
passage, which is more intensely heated at the bottom near the lamp than at the top, 
where the lighter vapours are first driven off. As the oil reaches the hotter portion 
the heavier portions that otherwis'e would have remained ;is residue are in turn vola- 
tilized. so that the vaporizer does not Kmd to become choked. The air to be carbu- 
retted enters at the bottom of the spiral and passes through it in the direction opposite 
to that of the oil. Ih fore. howev<;r, mi.xing with tlu; va[)our the air is pas.scil through 



a jacket surrounding tlu; spiral, where it becomes heated to a Umiperature more nearly 
eeiual to that of the oil. 

Root Engine. The Root engine, which works on tly; usual four-stroke cycle, 
is characterized by a nov(;l arrangement of the ignition which takes place in two stages. 
A chamber at the side; of tlu; cylinder communicates with the rear end of the latter 
through a port which becomes closed by the piston when it reaches the end of its stroke;. 
During the com|)re;ssie)n a [leirtion of the e.xplosive charge is driven into the side chamber, 
anel then by the ce>ve;ring of the; port it is cut off freim the remainder eif the charge, 
which beceinu's e'ompresse;el in the; usual way by the further meivement of the piston. 
\Vhe*n tlu; main charge; is e*.\|ileKleel the pislein is driven forward, and as sejon as the 
port bee'eimes unceivere'd the remainder of the; ' charge enclo.sed in the side chamber 
passes into th(‘ e\ liiul(!r and }vives a second (‘xplosion behind the’ piston. It is doubtful 
it the slii^ht advantai,^(* that may \)c oained warrants the extra comjdication involved. 
lo)r th(' ignition an incandescent tuber is used, and the waste exhaust gases are utilized 
lor heating the va|)orizer and also for heating a spiral passage through which the air 

su[)|)ly is [)asscd. A very simple tyi)e of oil pump is used in connection with the 

vaporizer. It consists m(T(‘ly of a piston which moves to and fro in a cylinder, anti 
which has on its far** a cliani.el for the pa.ssage of the oil. As the piston moves in one 

direction it draws in th(* oil from the rtrservoir, and on the return stroke it forces it 

towards the (hamber where it comes into contact with the air supply. 'Fhe admission 
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valve beyond which the air and vapour mix toj^eiher is automatic, bcino only held upon 
its seatinj>- by a spiral sprinjr; while the <;xhaust valve is operated positively from the 
same shaft which drives the vaporiz(?r oil pump. 

Knight Engine. With a vi(!W to compkaely expelling the exhaust teases from the 
cylinder, Mr. Knight has adopted tht; Oriffin six-cycle double-acting system which has 
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already been described. This system has at least the i^reat advaiUa^(! of ;4ivin;4 a very 
uniform rotation of the driving pulley. 'Fhe vaporizer, which is of lainanetal with cast 
webs, is placed behind the cylinder and is only separated from it by a thickness of sh(?et 
metal in order to derive as much valuer from the heat of the cylinder as |)ossible. 1 wo 
pumps arc provided for supplyini; the oil and the compressed air respectively to the 
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vaporizci, and tin; mixture' is firt-d by mexins of a idatinum wire heated to incandescence 
by means of a jet of (lame formed Ijy a central air blast. The i”nition wire is contained 
in an openinje in the; iL>iiiliem sliele, which moves se) as to brinjf the incanelescent wire into 
contact with the mixture; compresseel behinel the pisle)n at the; corre;ct me)ment for the 
explersieni. Between the cylineler and the va[)e)rizer, in the sheet- metal .separatiiii;' plate, 
is place'el the: aelmissieen valve, which is constructc'el e)f an incombii.stible asbestos com- 
pe)unel. As the; e)ther parts of the engine; have no features of oulstandinjf intere;sl they 
will ne>t be; elexilt with here. 

Crossley Engine. Ihis enieihe is the same as that alreaely elescril)ed in the 
.se'ction ele'vejted to j^as en_i;ine.s, with the aelelilie.n e.f a spe'cial type' ed' vaporize;r, which 
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t‘n;vl)lrs ii coniI)UstiI)Iij nii.xUirc^ of air and oil vapour to bo iisod instead of coal ^as. 'Fho 
va|)ori/(*r consists ol a chamber divided by vertical walls into four canals, throuoh which 
the llame from a lamp passcLs upwards to tlu! exit chimney at the top, while a sinele- 
actini;' pump drivc*n by a lever forces a stream of air thnniLjh a hot s[)iral passat^c! 
encirclin<4* the* lamp chimney. Alter its pas.sat>'e throuifh the spiral th(^ heated air comes 
into contact with the oil, a portion of which is emtrained and carried over. Instead of the 
wick customarily used in ihv. heaiinj;' lamps of other engines the system of feeding’ the 
oil by means ol a small pump has been adopted, and after the (‘nj^ine is well started 
th(‘ lamp is ncH re(|iiired, as the heat of the explosions maintains the temperature of the 
vapori/er. Various modifications and improv(*ments of this engine have been made 
since its first apj)earance, the principal beiny the reduction of the time re<|uired for the 
|)reliminary heating of the vaporizer when starting* the engine, and the simplification 
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of th(* vjilvf nu chanisni. Vv^. 384 illustrat(.\s a moderate powcrr type of Crosslcy oil 
engine in which any ;4ra(Ic of rcrmecl or crude [Kitrolcuni may he readily burned, and 
other (‘xampU.'s are iLjiven in fi^s. 3S5 and 386. 

hain'ines of a very similar construction an; also manufactured by Messrs. Crossley 
for burniniL;* |)etrol or benzene, as illustrated in fit;’. 387, which shows an entirely self- 
contain(‘d portable engine of 3.^ b.h.|). 

The Trusty Engine. X'aporization of the oil supply takes place in this engine 
in contaci with th(‘ inner surlares of a heate*d chamber int(^ which it is fed drop by 
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drop. Regulation of the s[)(*ed is very crlTiciently done by means of an inertia ^oN ernor 
acting on the admission vaKa* and on the oil pump. When the speed (*xceeds the fixed 
limit the connection with th(‘ yovmaior becomes interrupted, and as a result the admis- 
sion valv(‘ not only fails to rise, but the vaporizer also cuts oft th(* supply of 
ex[)lt\siv(‘ mixtuR*. hiring of the nlixture is done in contact with a tube heated to 
redness by an oil lamp, the chimney of which is lined with an incombustibUt asbestos 
compound, which ])revents the flame from becoming chilled by the metal surfacc^s, and 
also concentrates the heat of the flame upon the ignition tin:)e. Before starting the 
en^iiu* it is lux'essary to heat the vaporizer for about twenty minutes, and then* is the 
further disadvantage that the surfaces become rapidly covered with deposits of carbona- 
ceous residues. These defects arc balanced to some extent by the small consumption 
and by th(* possibility of using* ordinary commercial oils of very variable (juality with 
good results. 
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Griffin Engine. 11k* va|K)rizL*r ot this civ^int* is c‘iic]os(*d in tlu* hast* of ihc 
cntjinc^ and is heated hy the exhaust Coni|)ress(*d air at a prc'ssure ol ahont 2 Il>. 

[)er square inch is su|)[)li(Hl hy a small |)ump, and stored in a r(*s(‘r\()ir in the* base* of 
the eii^iiKx I h(j c()m|)ress(‘tl air pass(*s from this rcseiaoir to an atonii/(‘r nozzle, where 
it .aspirates the oil and carries it over in th(* form of .1 cloud of fine ^lohuh's. Tlu* oil 
in this condition arrives at the vaporizer at the same time as tlu* air supply, which is 
sucked in from t\w. atmosphere* hy the mov(*m(‘nt of tlu! piston. A real hot tulx* serv(*s 
for the ii^nition of the charoe, and its temperature is maintaiiu‘d hy a heat(‘r, whieh is 
fed with a mixture! of air saturatexl with L;lohules of the e)il. The (iriffm (‘u^iiu* is both 
pe)werful anel cce)nomical, .and the* consumption eloe*s not e!\e'(‘e*d i pt. per hors(*-pow'er 
he)tir. 

Niel Engine. -As in the m.ajority of othe*r e)il e*noines, the esse*ntial feature* is the* 
vaporizer. In either resj)e*cts the! ele*si( 4 'n is the same as, or ve‘ry similar to, that e)f the* 
t^cis en!L;'ine*s built hy the same makers. I'he* v.aporizer consists e)f a sm.all hr.ass e'hamh(*r, 
pre)vieleel w ith inte*rnal webs which e)ffe*r a lari;e! heatint^’ surface* te^ the! e>il; aiul the* action 
is very re*milar, as the oil which is storeel in a re*se*rve)ir at a Ie*ve*l e)f ahe>ut 0 ft. .ahe)ve* 
the base is spre*ael in fine elro[)s unife)rmly ejver the* hot surface* by sull.ably arran^(*el 
t^uides. An automatic valve alle)w\s air from the e)utsiele! to e*nte*r the* vaporize r ehambe*r, 
and by mixing; with the* e^il vajK^ur to fe)rm the* e*xple>siv(* mixture*. A spe*cial pi|)e 
fre)m the rese*rve)ir eu)nve*ys a su[)ply of oil te) a lamp which se*rve:s the* eloiil)le* purpe)S(‘ 
of lu'atini;’ the v.aporizer chamb(*r and the i^^'nitie)!! tube. Vo st.irt the* e*n!L;ine*, whieh 

is ne)t a lonj;' e)pe!ratie)n, the va[)eu*izer re(|uire*s to be hexite'e! with a we>e)el spirit lamp 

|)re')vided for the! purpose*., 

Both the .aelmission and e*xhaust valv(!s arc! controll(*el b\ the* |L^rov(*rnor, whie h at the* 
s.ame! time! suppressc's the! oil supply, 'i'his arrant;e*me‘nt e*nsure*s re‘L;ularity of wenkin*; 
and a consumptie)!! at .all times pro|)e)rtional te3 the* pe)we*r el(*velope*el. IiuluelinLi the* oil 
burneje.1 in the heater the ,consiimptie)n is about 1 pt. pe*r horse*-powe*r hour. 

Both he)rizontal anel vertical types are ce)nstructe*el, but in the* latte*!* arran^eme*nt, 

which is knowm as the Atlas e*noine, the* ce)nsumptie)n is ne)t se) i 4 ()e)el. 'The i 4 ove*rnor is 
disj)easeel with its axis horizont.al; the! ce)mpre*ssie)n is not earrieel b(*yonel .| lb., and freim 
45 water [)er horse!-[)ower are! n-*ejuire:el for the e:e)e)lin^* e)| the* e yliiule r. 

Diesel Engine. This ve*ry remarkable system has atlracte*el much atte*ntie)n by 
re*ason of the exeadlent ce)nsumption results that h.'ive been obtaine*d, anel the novelty o{ 
certain fe.*.ature!S. It is an intern.al-ce)mbustion e*niL»ine‘, working on a four stroke e:ye:le*, 
with .1 very hij^h initial compression of the air into which the* e.)il is inje*e:te*d. Altheiui^li 
the system e)f initially compre*ssint;' the! mixture te) a pre!ssure* anel te!mpe*rature: sufficie*ntl\ 
hin*h for se4f-it»'nition h.ad been pre!vieHisly pre)pe.)see!, Mr. I )ies(*l was tlu! first te) appb 
the system with advantage to a fe)ur-stroke cycle eni^ine of re*al practic.al v.ilue*. 

4'he e.s.sential parts of the ein^ine are - 

1 . A workin;4 cyliiuler in which tlu! .'iction takes pl;u:e* in the e iistomary four stages, 
namely, suction of the .air supply; {/f) compressie)!! of tlu* air; (c) injc'c- 
lion of the oil, ce)mbustion, sli^du comj)r(/ssion, and (!xpansion elurin^- the 
workiiu^f .stroke!; (e?) exhaust of the waste yase.s. All the valvers, with the 
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ciistoniiiry cam j'car for their operation, are carried on the upper cover of 
the cjliixK r, wliich is arranged in a vertical position. 

2. A special pump, which forc(!s the oil supply into a small chamber, from whence 

it is carri(.‘d into tht; cylindt^r by a jet of air, ;uid a second small pump, 
mounted on the frame, for supitlying the air to the oil chamber :U a pressure 
slightly in excess of that in the caigine cylinder. 

3. governor controlling the action of the oil pump and varying the suiiply to 

th(‘ carburettor. 



J'ljg, jKH. Sct'ijnn.il Suit* .intl I’Vont I'.lcvalions of Diesel Engine 


In the dc.sions ol other makers ol the l)i(*scl engine the orioinal vertical arran<^cment 
^ a(l()|)t(‘il hy the Au^shur^* huikhu's has been adhered* to, with the piston workinir;the crank 
through a coniu'ctin^* rod, from winch the air pump is worked by means of the side levers 
shown in the illustration, fio*. 3S8. Arrangements are provided for adjustinj^ the stroke 
the oil-pumj) plunder, and thus ol varyinj^' the supply by hand or by the governor 
ilurini; the running’ ol the engine. It appears that the rej^ulation of the oil injection 
[days a very important part in the economy of the working. When the air in the 
c\lindt‘r is com[)resst‘d to a jiressure of 40 atmospheres, the temperature rises to 600"^ or 
Soo (y., at which temperature the injected oil spontaneously ignites, provided always that 
the injc'clion is ellected at the correct monumt and under the most favourable conditions. 
1 luse conditions .s(‘(Mn to be fully satislicxl in the Diesel engine, which appears to work 





THE DIESEL ENGINE 


iNUKX TO THK PkINCTPAI, PARTS 


1. Cylindt r. 

2. WiiU-r Ja» kot. 

T Kn^ino Kramc. 

4. Sole Idatc. 

5. Pision Kinj.'.s. 

L, 7. Piston Bucket. 

H. Piston K()(l. 

<). I’iston. 

10. (-‘loss Head. 

N. ( loss-liead Pin. 
rj. ('ri)ss head Bushes. 

1 3. Ci OSS head (iiiidc Pins. 

14. Cross-head (iuide .Shoes. 

15. CiMinectiri}.; Rod. 

16. Connecting, Rod P)Ottoin End. 

17. Bushes ot 16. 

18. (‘rank Pin. 

Ic). (Tank Webs. 

Jo. (.‘rank .Sli.dt. 

2 1. Bushes of Main BcarinJ;,^ 

22. Main Bearin.i;. 

23. Main-beaiin^ nil Cn|). 

24. (iiiide-bar Oil Cup.s. 

25. Holdin^^ down Bt>lts. 

26. (Cylinder Cover. 

27. Inlet- valve Box. 

28. V'alve lever Brat ket. 

2t^ Spindle with Valve and Spiral Spring. 

30. ( dand. 

31. Valve Lever. 

32. Roller. 

33. Inlet-valve (/am. 

34. Air inlet Valve Cam. 

35. Air Inlet. 

36. Oil-valvc Box. 

37. Valve-lever Bracket. 

38. Oil-jet Needle. 
y). Valve Lever. 

40. Lainin.ited Oil-valve Spiing. 

41. Oil-valve Cam. 

42. Nose of C'.im 41. 

43. Air-inlet V’alve Box. 

44. V\ilve-lcver Bracket. 

45- Spindle with Vbilve and Spiral Spring. 
4(k V’alve Lever. 

47- Ciland. 

Valve Connecting Rod. 

49. Valve Crank. 

50. Air Pipe, 


51. Gland. 

52. Air Pipe. 

53. Valve- cam Roller. 

54. Nose of Cam 34. 

55. Oil-feed Pipe. 

56. Exhaust-valve Box. 

57. Valve lever Arm. 

58. Exhaust- valve Lever. 

59. Contact Roller. 

60. Exhaust-valve (/am. 

61. Nose of (.'am (k). 

62. Auxiliary Exhaust Cam. 

63. N ose of C/ain 62. 

64. Valve Cam. 

Valve-shaft Bracket. 

66. Valve-shaft Bearings. 

67, 68. Valve-shaft Bevel Gears. 

69. Upper-bearing Bevel-gear Shaft. 

70. Bevel-gear .Shaft driving Valve Shaft. 

71. 72. Bevel Gear.s, 

73. I.ower Foot Bearing for 70. 

7.|. Adjii.stable Bracket for 73. 

75. Bracket carrying 6g. 

76, 77. Bracket-scat Pacings. 

78. Hand Reversmg Lever. 

79. Cylinder P'lange. 

So. Engaging Pin of Hand Reversing Lever. 

81. Groove in Sleeve with which 80 engages. 

82. Notch in Flange. 

83. Retaining Pawl pivoted on Bracket 65. 

84. Cast Bracket on Engine f'rame. 

85. Jacket- water Exit. 

86. Air-pump Plunger. 

87. Connecting Rod. 

88. C'onnccting-rotl P3cad. 

89. Cross Pin. 

90. Double Side Lever. 

91. Driving Radius Link. 

92. Air-pump Cylinder. 

93. Cylinder Cover. 

94. Air-discliarge Valve. 

95. Air Pipe between the Pump and the A 

Receiver. 

96. Oil holder. 

97. (iuide Bars. 

98. Bearing for Lever 90. 

99. Outlet for Exhaust Gase^« 
too. Flywheel. 
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better on oils than on ordinary li^htin^- i^as. Experiments an^ also Ix-in^* made \villi 
a vi(*vv to iisini;' [)rodiicer leases. It may l)(? stated, how(n’(M', that th(? Diesel eiii^ini* 
runs well on all petroleum oils, from the litiht Ikmi/cmu? varieties having* a density of 0.7c) 
to the heavier oils of 0.85 density. Mr. 1 )t‘nton of New \\)rk has even sueceeded in 



Kijj. 389. — Diesel Ktit’.iDc, 8o H. P., efnipled to Generator 


workiiiij satisl'actorilv with lu^avy viscuiis rcsiiliK.-s of o.SS dciisily ami Russian oil of 
0.905 spcciHc tjravily. I hcsc oils, without exception, hum completely in the highly 
comprcsscHl air contained in the Diesel engine cylinder, and the surfaces do not hecome 
covered to any s<‘rious extent by' ohjectional d<r|)osits. 

Fig. 389 illustrates a Dies(;l engine of So b.h.p. directly connected to an (tlectric 
generator. For higher powers two or more engines are arr.inged side by side as shown 
in figs. 590 and 391, which represent engines of 160 and .400 b.h.4). respectively. 
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is able to compete succ(‘sst\illy on more than e([iial grounds with the steam enj^ine. In 
certain districts the* price ot illuminating' o*as is so threat as to prohil)it its u.se for power 
|)urposes in competition with steam. To overcome this difficulty, attemi)ts were first 
mad{* to m.ike th(‘ i^as engine suitable under even these conditions, by increasing' th(i 
expansion and th(‘ initial compn'ssion, and thus reducing* the consumption. Light 
In drocarbons vapori/(‘d in the ('old condition by a stream of air were also used to 
replace th(‘ ('ostl\ illuminating' gas; and, finall\\ special vaporizers suitable for the heaviest 
class(‘s ol oils were '!e\ised. : l)ut in spite of all this the cost of the power produced 
was considerabh* compared with steam. In those districts where the price of town 
gas was prohibitive, special gas plants were installed bv manufacturers to meet their 
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individual rcciuiremcMits, but it was only on the introduction of water ,”as. and later of 
producer ttas, that the very economical results of the present day became possible. 

Water oas is a mixture of combustible tjases n^sultino from the combustion of carbon 
in presence of steam vapour. I he combustil)lc? portion of the ^as consists largely of 
carbonic o.xide, CO, sometimes called air <>as, which n^sults from the comljusiion of 
the coal in air. When a jet of .steam is passed into the hot mass of coal tin; steam 
becomes dissociated into its elements, hydroj^XMi and oxyj^en, which then combine with 
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the carbon to form an additional (juanlily ot carbonic oxide and marsh i^as, Cll^. 
Expressed by a chemical formula the action is as follows: — 

C + H,() = CO + 2 11 
and 3C + 2 H ,0 - 2 CO + CII^. 

That is, the combination of carbon, air, and steam iit a hi.t>h tem[)erature results 
in the production of an inflammable mixture of carbonic oxide, CO, hydrogen, H, and 
marsh j^as, CH^, diluted by the incombustible nitroj^en contained ori<>inalIy in the air. 
Owint> to the cooliii”' effect of the steam, which tends to reduce the temperature of 
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ihr fire l)cl()\v \ho point necessary for the chemical combination, the action must be 
made intermittent, so as to allow the temperature to recover after each steaming period, 
bv using superheated steam th(i duration of tile steaming [leriod may be considerably 
prolonged, as the lire has not then U) supply so much heat for its dissociation. Water 
gas suitable for ('ombusti«>n in gas engines may contain as much as 57 per cent of 
hydrogen and jS per cent of carbonic oxide; but the proportions may be varied by 
regulating the proportions of the st(‘am and air. The following is an analysis of a 
sample of wat(‘r gas having a calorific value of about 7500 H.dMI.: — 


llydrogen 

49.2 volume 

Marsh gas 

0.;, 

( arbonic; o\id(* 

4 .v*^ 

(.'arbon dioxide 

2.7 

Nitrogen 

4-0 .. 


100,0 volume 


( )wing to its high illuminating valiu', water gas lias been largely used for public 
lighting, [larticularl) in certain (iermaii and American towns, and many different 
arrangements of the plant have becin d(‘visc!d by various manufacturers. Of these the 
best known are probablv those of Strong and l.owe, which consist essc'iitially of a metal 
casing lined with refractory findirick to withstand thc! intense h(*at of the burning 
(M)ke. Wh<*n th(‘ fuel is brought to an incandescent condition the blast of air is cut 
off, and a j(‘l of steam, [ireferably superheaKHl, is admitu^d. At the high temjierature 
existing in tin* chamber the vapour dissociat(‘S into its elements, hydrogen and oxygtm, 
which combine with the carbon, as already exjilained. riie mixtun; of combustible 
gases them passes away to the purifiers, and thereafter to the engine. 

When the tem|)(‘rature b('C(.>mes so far nuluced, by the cooling effect of thc steam, 
that tin* action diminishes, it is necessary to reviv(! the firc! by cutting off the stc?am 
and by a|)[)lying tlu* air blast. The process thus involves alternately-rejieated steaming 
and blowing, the latter stage; being necessary to prc.*vent the temperature of the fire 
Irom being r(‘duced below the point of combination. About 16 cu. ft. of water gas 
an* pr()duc(*d by tlu* combustion of 1 lb. of coke. 

I wo analyses o| samples of wat(*r gas, produced by the .Strong and the Lowe 
j)Iants, show' tlu* tollowing compositions of the mixtures 

I. Strong watc*r gas (analys(*d by Morse*) 

llydrogen 
( arbonic oxiile 
1 1 \ droc.irbons 
Inert gases 


*53 volunu^s 
35 

4 n 

5 „ 


100 volumes. 
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2. Lowe water yas (analysed by Professor Remsen) 


Hydrogen 

30 volumes 

Carbonic oxide: 

2S 

Hydrocarbons 

34 

In(*rt gases 

S 


jex) volumes. 


It is possible to completely sup|)ress th(" action of th(‘ st(‘am on the fire by blowini;* 
dry air ov’cr th(* fire in the proportions lU'cc'ssary for combustion. A j^ast'ous mixture 
of 3.1 volumes of carbonic oxide and 65 of nitroi^en, havinL>' a (xilorilic wiliu* of 
3000 1 ). r. U.’s, is formed, and tlu; proportion of carlx^n dioxide is r(‘duc(‘d. To this 
o*as is m'iven the* name* of the (ierman scientist, SicMiiens, who first experimented with it. 
WMien the lire is blown for about t(‘n minules with the air blast, and then the st(‘am 
is applied, the mixture of the. two teases produc(‘d has an averaite composition of 
10 parts of hydroiLten to 2S of carbonic oxide* and 50 of nitrogen, with a (alorifK* value 
of 5500 P.dMb’s. I 11 ). of fuel serv(‘s for the* jiroduction of S7 cu. ft. of the* mixture 
measured at atmospheric prc.'ssure. Instciid of d(!\’elo|)injL;' air L;as and water i^as alt(*r- 
nately, and then mixini** th(*m, the apparatus may lx* so arranged as to simultaneously 
generate the two kinds of oas without n excess i tat ini;’ the int(‘rmittc*nt action. I'hv i;as 
developed in this way is called “i)()or” eas or “producer” i;as. 

'I'wo I'rench engineers, 'Thomas and Launais, were the first to (‘xhaustively study 
th(! [)roblem of (‘conomically ijc'iieratini;' |)oor |L»'as(‘s, and to construct a suitabk* ap|)aratus; 
but just as Otto appli(‘d th(‘ principle's of the i;as (‘iiifine', as laid down by beau 
de Rochas, so did vSiemens brint^* the i;as producer to a rational form and praclii'ally 
apj)ly it to th(! industries of the world more? particularly to the manufacture* of ste‘e*l 
and other mt'tals. .Sie'me'iiss arrani>(‘me*nt forms the^ basis of the* maje)rity of the* i;as 
producers that hav e be*eiu designed for use in conjunction with iL;as e*ni;ines of lai’i^er 
j)OW(*rs. "The most typical of these producers will now' l)e de'seribed in some ele*tail. 

Dowson Producer. This system was introduced shortly afte*r that of Sie*me*ns, 
and since that time it has b(.‘en very ecxtensive*Iy applied te) many industrial se‘rviee*s. 
Five distinct sections of the Dowson ])lant, fi.i;'. 392, may be* elistini;'uislu*d as follows: 
The i^ctnerateir, the steam superhc'ater, the* tar c'xtractor, the: scrubber, and the* gasome te r. 
The i;;enerate:)r, in which the* fu(*l is ce)nsume*el, consists of a ve*rtical e ylinelrical chambe*r a 
lined with r(*fractory firebrick, (irate bars i; at the bottom of the* e;hambe*r support the* 
fuel, which generally consists of ordinary Eniflish anthrae:it(‘, and elurini;' the* workini;* of 
the apparatus the new fuel is added as ree|uired through a c(nx*red fiinne*! a' at the* top 
of the^ chaml)er and a special o;is valve a, which must not be: openeel simultaneously. 
Hy these means air is prevente:d from enterinif the: chambe:r while: stejkini;*, as othe rwise* 
there would be serious dani;*e*r of e.xplosion. 

About 35 cu. in. of steam, reckoned at atmospheric pressure, are allowed for e ach 
brake horse-power dev(*loped by the enijine, and a h(*ated spiral serves for the super- 
heatini^ of the ste:am which becomes dissociated in the j^enerator. Roth steam and 
air are sup[)lied simultaneously, the: latter beini;' entrained by the stexim in its passage 
through the noz/le of an inJ(*ctor. Sufficient h(*at is develo[)etl by the combinatiejii 
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of th(- oxy-<-n of the air and the carl)on of the fiutl to decompose; the sup(;rheated 
steam into'ils enstituent ehrments, and as a result a combustible mixture of air 
^as and water <,ois is obtained for use in the enjrine or as otherwise reeiuired. By 
re-ulalin.'i the action of the injector the (luantities and proportions of the air and 
suxim admitted to the generator, and the (pjality of the resulting mixture, may be 
varied as <lesired. b'rom the i^enerator the <;ases pass into the tar extractor and 
water valve, which determines the i)ressure that is maintained in the oasometer. 
h consists of a box divided into two portions by a vertical hant;in<; partition, which 
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(lij)s into ii wat(‘r s(‘al. It is the cliffhrciict! of the watcr-levc'l on tli(* two sid(LS of the 
partition that (l(*tennincs ihc gasometer pressure. The }.jas is then cooled and wasluiHl 
in a scrubber filled with c()k(‘, over which waua* is continuously showered; and the 
last impurities are extracted by passing' the ^as throutjh w'Ct sawdust before adrnittini^* 
it to the i^asometer. I'rom numerous analyses made by Dowson and Witz the average 
composition ol ilie mixture ot oases may be taken as beino; about | of hydrooen, J to 
\ of carbonic oxide, and \ ol nitrogen, with a mean calorific value, which varies with 
tiu' quality of the fuel, of from 5300 to 6ocx^ B.'IMJ. It must not be forgotten that 
the mixture has only one-quarter the richness of ordinary town gas; but as the cost 
of its production is duviji t( the economy n^sulting from the use of the former 
is considerable. An economy as high as 77 per cent is obtainable with a consumption 
ot 6 oz. ot haiglish anthracite per horse-power hour. 
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i:nc.ines 

Air is siii)|)li<-(l 

to the grate through the gnite 

.spiiuHe Cl), which is made of a tiibul.ir 

form. 

Buire-Lencauchez Producer.— I'he gas generated has a percentage compo- 

silinn ol — 

('arbonic oxide* 

29.4 


('urbonic acid 

5-9 


Hydrogen 




Nitrogen 

f 7 - 1 



100.0 

'riieorcaically 1 
po'ssure havin 

11). f)f (Nirbon should produce 85 
g a calorific valu(* of 5350 B.d'. 

cu. ft. of gas at o C. and atmospheric 
, L. h'rom actual results 14,400 cu. ft. 








I’’;’.- 3\>h' -Sotlion.il ArMiii;i'nionl of llinio-I . lmkiIUcIio/ I’roclutoi I’l.inl 

ot l;«is were produced from 160 II). of carl)on, and from tliese fii^ures iht! c^coiiomy 
of the |)r(Mhic(‘r and the (luality of the ^as may be calculated, b^xccllent n^sults have 

been obtaiiK'd Irom th(i Lencauche/ producer as manufactured by Mt^ssrs. Ibiire, 

of Lyon. In one im|)ortant point the s\'st(*m differs from the Dowson arrangement 
in th(‘ absence ot a sp(*cial steam LjeiUTator, and thus the s[)ecial and continual super- 
vision ot the \vat(‘r supply is dispensed with. Fio*. 395 shows the arrangement ol 
tilt* plant and s(‘ctions of the various parts, a is the generator, ^ined with refractory 

firt'brit'k, and lurther [irotected by a thickness of sand between the inner lining k 

and ilu* outer sheet-metal casing e. The supply of fuel is jilaced in the hopper on 
tht* top ol tilt* g(*nerator, and is admitted through the inverted cont' >r, which may 
be lowertxl Irom the outside by nu‘ans of the balanced lever x, while the cover of 
the ho[)pt‘r remains liernu^tically closed. Communication betwt^en the atmospheixi and 
lh(! int(‘rior ol the generator is in this way prevented, and all danger of explosion 
thus avoided. I he luel, either non-caking coal or anthracite, is carried on grate bars, 
whi('h separate it Irom the enclosed ashpit, and a constant fine stream of water is 
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allowed to trirkl(‘ into the pan, -where it rapidly becomes vaj)()riz(Hl I>y the radiation 
of heat from the fire bars. The steam thus formed is carri(‘d by the blast of air from 
the fan into the oencrator, whevr. it is dissociated in contact with the ineandc'sccait 
fuel. An overflow syphon j preserves a constant lev(‘l of water in thc‘ ashj)an. riu‘ 
nec(‘ssity of usino- the centrifugal air fan, driven by thc^ engine itself, is a disadvantage 
which is compensated to some extent l)y the absence^ of the separate steam generator 
used in the Dowson arranj^ement. As the Ljas is formc'd it |)asses through tlu* [)ipc! s 
and the water seal t, which [)re vents its return to the otaierator from the scrubbc‘r a. 
This scrubber or washer is filled with col<(‘, the weight of which is carried ui)on per- 
forated diaphragms vv, whiles water in a constant stream is allowed to percolate through 
the mass, from the sup})ly i)ipe z at th(‘ top of tin? scrubber down to the bottom 
chamber t, from which it overllows through the l)ent pi[)e ii. In its passa^t^ throiii^h 
the scrubber the im[)urities are retained by the water, and th(! gas beconu's thoroughly 
washcxl b(^for(^ its admission to th(‘ gasomiUer. When tlu! gasonuaca* becomes filled 
with th(! gas, and reaches tlu! top, it acts upon a l(!V(!r, which cuts off the air siippb' 
to the g(Mierator, and thus reducc's th(‘ production until th(‘ gas()met(‘r falls, when the 
air is again supplied to tht! gtaua'ator. Hy thc^se m(*ans th(‘ supply of gas is mad(* 
to vary with the demands of the engine'. In front of the grate; bars is place-el a range 
e)f jets siip|)lie;el w ith gas from the gasome'te-r, by niexins of which the fire may be- starteul 
or rc'vive-el after a temporary steippage; of the plant, aiiel a certain economy is obtaineel 
by the utilization of the waste h(*at of the gases, which are causexl to iinjiart some; e)f 
their he^at to the air in its passage to the geneirator ihrough a tubular re*he*ate-r. In 
ge;ne*ral, for a 6e3-h.|). plant, develo[)ing yooo cu. ft. of gas |)e‘r hour, about 22 gal. 
of water are re'e]uire.*d for the ste*am su[)[)ly to the generator, and about 110 gal. in 
the scrubber. The water fia^m the; e'ooling jackets of the engine; cyliiuler may be 
usee-l f(M' the purpose, providc'd it is first cook'd in a suitable reservoir, through which 
it must be circulated by a pump. 

M(;ssrs. Matter Ce.)., of Rouen, have installee.l several large plants of 2onn h.p., 
consisting of lhiir(;-Lencaiich(;/ producers and Simplex gas engines, which together have; 
given very ece)nomical results, due; largely te) the* possibility of using che-ap e|ualities 
of “pe^or” Krene:h ce)al in plaea; of haiglish anthracite. 

Gardie Producer. — Highly-compresse.-el air at fre^m 13 te) 15 11)., mixeel with ste-am 
at the same pre;ssure*, anel the'refore at a e:onsiele*ral)le; te*m[)erature‘, is useel in this pro 
ducer, as the high tempe*rature anel pre'ssiire; are* fe)unel to im|)rove the actiein. fhe* fue*l is 
carrieel u|)e)n a fire;brick base, which elispens(;s with the orelinary arrange‘nu;nt eif lire* bars, 
and the su[)ply e)f air anel ste*am is aelmitted to the preKlucer chamber thre)ugh a ring 
of tuNeres. Observatie)n he)les are alse) pre)videel at this same le*ve;l, thre)ugh which the* 
state of the fire may be examiiuM. A hopper, |jroviel(_;el in the* usual manner with a 
cover and ce)n(;el base', serves for the intre)eluction of the fuel, anel the hexit ot the e se aping 
gases is usefully emple)yed in heating the steam supply as it circulate;s thre)iigh a spe;cial 
heating coil, d'he gases then [)ass to a gase)m(;ter, through a simple typ(* of se:rubber 
ce)nsisting e^f two concentric tubes of un(;ejual height. Use is also made (j 1 the; waste 
h(;at of the gases for heating the air which is forced into a reservoir by nn-ans of a 
separate air pump. Some economy is thus effected by utilizing heal that would other- 
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wise he lost, and the use of the hot air [)crmits of the injection of a larj^jer proportion 
of steam. Several inucnloiis hsitures are thus introduced in the Gardie producer, which 
is illustrated in fin'. .^97. and th(; .t)as obtained is of a rich <|uality, havint;- a calorific value 
of about 5=500 B. r. Lb Ovvinu .also to the very small proportions of tar and ammonia 
by-products it is possible to dispense with the washintj and scrubbing' arrangements 
essential to oth(;r systems. One disadvantage of the system lies in the necessity of 
providing a special compresstal-air reservoir and pum[>, which absorbs some of the 
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|)()\vcr and inlrodiica's (;()mj)lication. i\ small installation com[)risinLj thu (jardic pro- 
ducer |)lant and a C haron producer-j^as cn^iiK*. is illustrated in iiy. 396. 

Taylor Producer. Imturc dcvclopmcMits of oas power plants, and particularly of 
lari^e units, depend upon th(‘ production of a suitalde i>as at a sufficicmtly low price, as 
the cost of town <^as is in the threat majority of cases |)rohil)itive; anti the problem has 
l)(‘en attacked with consitlerablc success by numerous inventors, who have endeavoured 
to devist! |)lant capable of economically •^eneratint^ lari^o volumes of jj^as suitable for 
use m explosion t ylinders of en^iiu's by the dissociation of steam in contact with incan- 
dt'setau fut‘l. laylors ^cneratt^r may be taken as an twample of tuie of the most [)erfect 
of the arraip^enu'nts that h;iv^ appeared within recent years, and one that has j^iven 
satisfaction wherever installed in the metallurgical, olass, and other industries. In its 
usual form it consists of a gas generator, a boiler for the production of steam, a tubular 
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rcheater, a scries of coolinjr tiibc-s, a tar extractor, a cleanser or scrul>l)er, ;uicl lastly a 
scrubber. In the Taylor ;irran,oement there is introdiiccal a characteristic reature con- 
sisting of ;i rotalino- eratt; which aiitoinalically cleans the lire anti permits of the clinker 
on the bars beint*- removed without interferino with the; action of the [)lant. It is possible 
al.so to use less ;inthr;icite or cheajxfr tjualities ol coal. .\s shown in the illustration. 
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fio’. ^598, ihr. stcjini ^'(Mierator is [)lacc(l above the |)ro(]uc(!r in contact witli tlie hot 
gases. AfuT leaving the l)oiI(M’ the steam passes tlirough a siip(!rh(‘ater placed in the 
course of the gases, and is mixed with air at a tem[)c*rature which ensures increaserd 
(-•conomy when injected into the producer. f)n the other hand, the gas(.*ous |)roducts 
resulting from the decomposition of the st(*am pass through a seric/s of vertical cooling 
tubes having a large surface*, then through the water in the extractor, where it is 
washed, and finally through the scrubber t(; the gasometer. 
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The iinprecipitalcd licjuor is returned to the t()[) of ilie ammonia tower hy means 
of the circtilaiiny' pumj) k. 

Air is forced through ihii ht^atin;^' tower c and tlie regenerator a to {hit producer l)y 
the blower K, shown immediately under the mechanical washer i;. 

Benier Producer. Since the time ol the l^iris (‘xhibition in iSSq, when a Simplex 
engine, driven b)’ Dowson tjas, was (exhibited, it has lK*(*n reto^ni/ed bv eniL;in(‘ers that 
the future ot the j^as engine was dey)eiKU‘nt upon the de\’elopment of the t^as |)roducer, 



and if the number of lari^c* Installations is not so L»rc‘at as might be ex[)e('ted, th(* reason 
is [)rol.)al)ly diu* to the* following disad\'antagt*s ot the pressure system:- 

1. Owing to th(! |)roduction of the gas under some pressure, ihere is considerable 

danger of the attendants being poisoned in the event of the (‘sca|K* of the 
very poisonous carbonic (jxide gas, and it is necessar\', therelore, to install 
the plant in an open situation. 

2. Irregularity in the producliiai of the gas necessitates the us(‘ of cumbersome 

and costly gasometers. 

3. Continuous skilled supervision is necessary to maintain the regularity (jI the 

action. 

These objections have been largc^Iy oveia'ome in the 15 eni(*r plant, lig. which 

the gas is produced at a [)ressure lower than that of the atnn rsphen*, so that all danger of 
the escape of poisonous gases is avoid(‘d, and the plant may b(.* installed in any enclos(*d 
[)lace, or near dwelling-h(His(‘s. hdirther, the us(* of steam at atmospheric [)ressure 
ensures greater regularity in the |)roduction ot tin* gas. In the case ol pressure plants 
the irregularity is largely due to the difficult) ol maintaining a constant pressure el 
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tlu- slcain, and accordini^ly of kccpin” Uiu air and steam in their correct proportions. 
()rilices of a li,\(.‘d si/e aVe providi'd lor the admission of the; air and stt;am, which arc; 
tlierefore sucked in always in tlie same proportions. Diaj^rams taken from the; engine 
when riinnine under a constant load show |>ractically no variations e.;ven when take;n 
at consideralile iiitereals of time, and no re-Ltiilation of the air and ste*am SLi[)[)lies is 
re<|iiired once the sizes of the orilke.s have; heem determined. \'e;ry careful and fre;e|iie;nt 
adjustment of the; proportions of the air and ste;ani is necessary in the; case of pressure; 
plants, to ensure a constant eiii.ility of the mi.\ture and uniform working of the venerator, 
so that skilleel attemtioii is re(|uireel: wliereas a suction plant of the; llenier type can 
he- run by an unskille-d labenire-r. 'The He!-nie;r proeluce-r has give-n very e;e:emomical 
re sults, due- largely tee the- re-gularity of the- action, and to the; superheating of the air 



I'fLf. 4ot). Ih niiM Sticlioiid.Ja^ I’ioiliicii 


and stc‘ani Ix forc its admission to tlu.‘ generator. l.ahour is reduced to a mininuim 
l)y tlu* use of a rotary t^rate, whicli is cook'd 1 )\’ a stream of \vat(‘r. This arran^t'numt 
permits of the lirt* heiiu^ thoroughly cleaiu'd without intt'rferinj^' with the normal runnintj;* 
of tlu* plant; and tlu* life ol the lirt* bars is j^reatly increasc'd, as their t(.*mp(*rature dot's 
not reach the [)oint at which tlu* nu'tal is attackt*d. 

A s(*('tit)nal (*l(*\’ati()n and plan of the P)eni(*r suction gas plant is given in fig. 401, 
which shows tlu* arr;ingt*ment of tlu? product'r aiid the (*ngine. 'I'he engine works on 

ft 

tlu* six-stage cycle? proposed hy 1 )ugald Clerk, lienz, aiul Ravel, atul in principle? it dot's 
not sensibly tlilt(*r from these* earlit'r types. A special cylinder attached to the wt)rking 
cylinder st*rvt*s as ;i ct)mprt*sst.)r, anti the cranks are set at 90' to one? anotht?r. "Fhe 
pump is doul)le, that is to sa\ , it has two [)istt)ns, one* ff)r the? suctit)n of tlu? air su[)[)ly and 
the other lor tlu? gas from the* prodiu'cr. Two pipes carry the air anti gas in a mixing 
chamber ]>laced at the top ot the c) linder and |)rov idetl with a retaining valve. When 
the piston h(is comp^*f( ,! j:" c i' ths of its outward stroke it unctjvers two exhaust ports 
in the cylintlt*r w.ills, and thest? [)orts therefore rt?main t)pen tluring the? last one-sixth of 
the outWcird stroke and the first one sixili of the return. At this moment the air and gas 
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arc transferred from the pumps through a valve and a series of perforaKal platc's into tlu! 
cylinder. DuriiiL;' the return stroke*, after the exhaust ports are* ele)sc*d, the* mixture is 
ce)mpressed until the* end of the stroke is reache*el, when ij^nition takes place. rile jiiston 
is drive*!! feirwarel, anel as soon as the* (‘xhaust ports are attain unce)ve*re*d the* l)urnt |L;ase*s 
e*sca[)e as helore. \\ ith this arrangement the*re‘ is a peissihle* elanL;e*r that the* e*xplosive* 
charge! may e!scape at the open exhaust ports unless certain precautieins are tak(*n. In 
this arrangement the elifficulty has keen overceime In sei elispe)sing the! pumps that the*) 
act successi\’ely and in such a \\a\ that the Inirnt gase*s are* first e*xpe*lleel 1 )\ a blast 
e)f atmospheric air, anel that the! charge is only admitted when the exhaust p(.)ris have 
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lK!en ce)ve*red by the piste)n. One* elriving stroke is obtaine*el for exich re*volution eif the* 
crank shaft, anel the* [lump elraws the* necessary gas from the! preielucer as re*e]uir(!d anel 
forces it into the* cylinder. y\s the gas is withelrawn at e*ae:h working streike* freim the* 
pre)eluce*r a new sup|)lv of air and steam is su('ke*el in to re'place* it, so that the* actiein 
eif the* j)lant l)econ!e*s automatic, and the e!Volutie)n eif the gas varies with the* elemands 
of the* e*ngine. 

CrOSSley Suction-Gas Plant, big. 4^^^ sheiws the e*\ternal a|)pe*arance of the* 
Cre)ssley arrangc*ment, which ce)niprise*s the* ge*ne*rate)r at the* le*ft .inel the washing 
cylinde!!* eir scrubber bctwa!e*n the e*ngine! and the gene*rate)r. No gase)me.*iei is re*ejiiiied 
in plants e^f this elescriptie^n, as the gas is ge*nerate*el at (*ach suction stroke* of the pistem. 
At the (*xtre!me! left is shown the hanel fan, which is use‘el for starting the proelucerr and 
fe3r increasiiig the strength ejf the fire after a more [)re)longe.‘el steippage. Anthrae ite is 
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iiiDst frequfiirly usf'd in the furnace, ljut liituniinous fuels may also be burned with good 
results and ireedom IroiH dinkering. 

Loomis Producer, -lly means of a special ejector the air is sucked through the 
whole thickness of tin- fuel conlaimal in a portion of the generator. The producer 
furn.ice, which is lincil throughout with refractory material, has the usual charging 
arrangements at the top, and at tlu; bottom a conical ba.se takes the place of the 
ciistomarv grati- b;irs. .\fter its decf)mpnsition in contact with the incandescent fuel 
through which it is sucked, the air tr.iverses a water-cooled spiral, in which it gives 
up its heat. In this way sufticient steam is genenited for the suitply of the ejector, 
which, as already stated, aspirates the air through the furnace. The air supply is then 
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ailiniilDcl to th(‘ main ^(‘nerator, wIkmt, in |)rcseiu'(' of lh(‘ stc'am, hydro^TMi and carbonic 
oxide oases an* c‘volved. Water oas or air oas, or a mixture of both, may l)e oxmerated 
as re([iiired, and it has Ix'en found by ex[K*rienc(* that the |.)Iant may be run continuously 
wilhoiil a sto|)|)aD-(* or loss of efficiency for two years. 

Wilson Producer. Unlike? the Loomis plant just dcscrib(‘d, tlu' height of the 
g(*nerator chamber is great(*r than the "width, an arrangement which jiermits of the use 
ot small and dusty (jualities of fuel. Observation holes are provided at a suitable level, 
through which fusion of the mass and any ol)struction of the fire may be detected and 
renu‘died. Air is torc(*d at a very small pre.ssure, not (exceeding *i in. of water, into the 
incandescent mass b\ m(‘ans of a steam injector, and th(? fire is carried upon rotating 
spiral bars, which dip on the lower side into cooling water. Any ash or clinker that 
may become fusc*d to the bars is at once detached, whenever the jiart dips into the cold 
water, and falls into the ash pan. The heat of the waste gases from the engine is 
c‘conomicall\ utilized in heating the air supply to the generator. 
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Dowson Suction Plant. — I'lic D(3\vson plant, fio's. 403 and 404, differs only in 
details from the Crossley [)lant airc'ady described, and it comprisc's the same ('sscMitial 
parts. With an enifine suitably adjusted the consumption of anthracites peas in th(s 
producer is guaranteed by the makers not to exceed 1 lb. per b.h.p. hour under full load, 
and the consumption of small cok(' of L>‘ood quality is about i| lb. [)er b.h.[). 

Longsden Producer. — It has already 
been stated that thci water i^as venerated 
in the plants described is largely used for 
illuminating' purposes, and that in many 
American towns special plant is laid down 
for the purpose. To the use of water gas 
for public scTvices then* is, however, the 
very serious objection that water gas contains 


Witir Direct from 
Town Supply 



Fig. 403.- Sectional View ol Dowson Suction Plant 


a large proportion of carbonic oxide, which is a poison of the most serious iiatuia*, ev(*n 
in minute! quantities, and one that does not betray its presence by any odour. Many 
scM'ious accidents have resulti*d from very small l(*akages from the pi[)C connections, and 
the danger is one that must be most carefully guard(!d against. y\s no chea]) method 
of dissolving the gas is known, Mr. Longsd(*n has resorted to the alt(*rnative system of 
preventing the |)roduction of the carbonic oxide, by the addition of soda to thc! fuel in the 


generator. Analysis of the gas [)roduced 

In the reaction is as follows:— 

Hydrogen ... 

62.2 volumes 

Carbonic acid 

26.4 

Carbonic oxide 

1.2 

X'arious hydrocarbons 

2.2 „ 

Nitrogen ... 

6.5 

Oxygen 

1.5 

100.0 volumes. 
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'I'his >^as. which is very rich, may he freed from its carbonic acid by passing it over 
the surface of chalk, and so madtr suitable for use in gas engines. 



Fig, 404. — Dowson Suction Plant sciring Gas lOngine 


MANAGEMENT AND UPKEEP OF INTERNAL-COMBUSTION 

ENGINES 

Erection.- The iVillowino’ suj^gestions for the erection of oil and gas engines are 
taken from the Traitd tht^orique ct pratique dcs. molenrs a gaz et a petrol, by RJ. Witz. 

(ias (‘ngines are generally fitted upon a bed plate, which in the case of engines of 
more than 4 h.p, should be fixed upon a massive foundation of cement or brick, in order, as 
far as possible, to reduce vibration. Around the engine a clear space should be provided 
to give (‘asy access to the parts when ck'aning and repairing, or when starting by hand. 
On the nearest or most suitable wall should be arranged the gas and water cocks and 
th(‘ anti-pulsation gas l>ag, which .should have a capacity of at least twenty-five times the 
volume ot gas drawn inu) the ''vlinder at each working stroke. When these ample 
dimensions are adopted, all danger of a serious fall of pressure in the piping is avoided, 
and other intermediate regulating devices may be di.spensed with. It is essential that 
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the bao' should be arranged vertically, and that the indiarubbcr sides should remain 
unstretched. 1 he tightness of the sides may 1)0 readily adjusted to yive the bc^st results 
by maiKeuvring the gas cock to suit the normal demand. 

Water jackets are generally fitted to engines of 2 to 3 h.p. aiul upwards. WIkmi a 
supply of water under pressure is available it only remains to connect a branch from 
the water main to the jacket inlet by means of a pipe the diameter of which depends 
on^ the supply [)ressure. Unless otlua* use is made of th(^ hot water the circulation 
through the jack(!t should be so adjusted that the tem[)erature of the water at the outlet is 
at least 60 C., and it is advantageous to go as far as So" in which case, however, it 
is necessary to lubricate the cylinder with specially good oil. A thermometer at the jacket 
exit is useful for recording the temperatuix', which may then be maintained at a uniform 
level by means of the inlet cock. 

When a jackc^t water supply is scarce or costly it is necessary to install coolers, so 
that the same water may be rej^eatedly usetl. It is fre(juently sufficient to place a 
reservoir above the level of th(' engine, with the bottom in communication with th(' 
lowa.‘st part of the jacket and the top with tlu! upper portion of the jacket, so that the 
differences of the densities of the hot and the cold water will (msure a circulation through 
the system. About 100 gal. of water should be provided for each hors(i-[)ower of th(* 
engine, unless sp(?cial cooling arrangcniKMUs having a l;';rg(.* cooling surface are adopted, 
as in the Koerting systc.an, in which only 44 gal. of cooling water per ht)rse”power are 
required. 

Starting and Stopping. — d'he engine should always be? started with can' and 
delil)eration. bdrst the gas co(?ks to the burner or the ignition tube? should be oi)c.*ned, 
and in the latter case the tube brought to a red heat. When the ignition is effected 
by means of a battery, the zinc of the battery should be lowcrred into the c.*l(‘ctrolyte, 
and the treml)](?r put into vibration by turning the commutator. All working parts 
should be lubricated, and the oil cups replenished where necessary, and then the fly- 
wheel of the engine may be? rotated by hand or otherw ise until tlu? first charge? is drawn 
in, compressed, and finally ignited. If th(? (‘ngiiu? is not provid(‘d with a self-starting 
gear, care should be taken that the gas-supply valve is only partially ojjened, until the? 
speed of the engine has r(?ached the normal, when th(? load may l)e put upon it by 
shifting the belt, and the speetl adjusted by opening the gas cock. 

If the engine refuses to start, the gas valve should lx? inspected to see that it is 
not too open; and if the fault does not lie there, the ignition should then be e\amin(?d. 
Occasionally the fault is due to l(?akage at the exhaust valve, which |)revents the mixture? 
being com[)ressed to the required (?xtent. This defect may be det(?ct(‘d by rotating the? 
flywheel backw'ards, and then noting if the compression produced in the cylinder is 
sufficient to move the piston forward again. 

Excessive lubrication of the? cylinder and w’orking parts is ()bj(?ctionahle, as a 
very small quantity of oil is really r(‘(iuired for efficient lul)rication, and to [)revent waste 
of oil all parts of the mechanism should be kept in a clean and bright condition. 

It is not essential that the gas-engine attendant should be a specially skilled 
mechanic. All that is necessary to ensure? r(?gular running, and to preserve the condition 
of the engine, is reasonable care and vigilance on the i)art of the attendant, and the 
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power of (l(^teciin,cj the first ap|)eaninre of defects. Under these conditions the durability 
of the ‘^as enj^inc* may In* considered as eciual to that of the steam engine, although the 
cost of iipkee[) is gr(*ater. 

before proceeding to stop the engine, the self-starting gear, where such is fitted, 
should be brought into operation, so as to ensure its action when it is reciuired to restart 
the engine, and then tlu^ gas supply should l.)e cut off. Until this is done the ignition 
flame or spark should not be stopi)ed or the jacket- water supply cut off. If the stoppage 
is to last for any consideralde time, the ])iston should be stopped in the extreme outer 
position, so as to prevent dirt anti grit from settling upon the inside surface of the 
cylinder. 

V(*ry littl(* attention is n^quirt'd to ensure continuous and regular running once the 
gas and water valv(*s hav(* b(!(‘n adjusted. All that is r(?(iuired is occasional supervision 
to (‘iisurt! that the oil siii)[)ly does not fail, or that the. t(*mperature of tlu! Jacket water 
does not unduly ris(‘, in which cas(* there would be serious dang(‘r of the piston seizing 
in the cylinder. Every month, or even more fr(?(iuently, the cylinder and valv(*s should 
be cleared of all carbonaceous deposits, and (!vc‘ry six months the valves should be 
r(*ground and carefully reset. If regularly attended to in this way the (mgine will 
contiiUK? to work at its full power, and the. time and trouble will be amply repaid by 
th(‘ satisfactory action of the* caigine at all time's. 

Care of Oil Engines, d'hc^se engines reejuire not only the same carc! as the 
gas engine*, but also additional su[)e*r\'ision on account of the extra gear involved in the 
atomi/ing and e:arburation of ihe^ oil. C'arbonaceous de.'posits form se^oner or later in 
the carburettor, as a re*sull of the! pulverization and combustion of the oil, and these 
l)arts re(|uire! to l)e examined at re*gular intervals of at least a week, and to be freed 
every month of all accumulations of carbon, oil, and soot. Some atte'iuion must also 
b(! given to the* vaporize*r lamp from time to time*. 

Ignition of the Explosive Mixture. There? are several methods of igniting 
the charge in the cylinde*r, each of which may be said to have certain advantages and 
disadvantages. Ignition by means of an iron or porcelain tube heated to reulness is the 
simplest and most certain of the? methods. The expe.)se?d flame and slide system is 
sonu‘what more* com|)licate?d, and the? use of a magneto driven from the? engine itse?lf, 
while reejuiring less attention, is less convenient when starting. Batteries are generally 
usc*d lor spirit va|)our and oil engines, but the*ir upkeep is troublesome. From the point 
ot view of economy it would be difficult to say which system is the best, as all give 
satisfactory results; for while the* ignition flame and tube consume gas the l-xattery con- 
sumes zinc. Wdien a battery is used it should be amply powerful, and the strength 
of the current shc^uld be* constant. A suitable form is the ordinary zinc and carbon 
bichromate? batte*rv, which eloes not readily polarize when in continual use. Fhe ineluction 
ce)il useel tor the? ignition is re*ally a transformer, which converts the comparatively low- 
pressure battery curre*nt into a high-pressure current in the sparking-plug circuit. Every 
time the battery circuit through the primary coil is clo.sed or e)[)ened by the vibration 
e)f the* trembler, a moment.iry ciirrent is induced in the winding of the secondary coil, 
aiul the* pressure of this induced current depends upon the relative number of turns in 
the two wineiings. It is only at the moment of making or breaking the primary circuit 
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that the nKinicntary ciirnMit is iiKlucecl in the separate secondary circuit. 'Fhis latter 
circtiit (-nds in the sparkinej plui;', whicli is enclosed in the ignition clianiber. d'hroui^h 
the end of the porcelain plii^' the two terminal wires pn^ject, and are thus st‘parated 
by an air L>ap, across which the s[)arks jum|) each time^ th(! primary circtiit is made or 
interrupted. A bulky torntiu of sparks gives more certain and bcitt:!* results than a 
thin intense one, so that it is not advisable to use too high a secondary-coil pressure. 
Hard de])Osits of carbon form readily Ixaween the sparking i)oints, and it is advisabh^ 
to frecjiuMuly i‘\amine them, and, if iK^cessary, to clean them once each week of running. 
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If, in the early days of ineclianieal lo('()moti{)n on tlu* |)nl)lic IdLilnvays, conditions 

had been more favoiiral)le, the d(‘V(do[)in(‘nl of tlie motor-car industry would undoulaedly 

have been <4r(*atly advanced; but for nearly half a century all i)roL;r(‘ss was blocked, 

chietiy by the opposition of the lari^e coach proprietors, who controlled practically th(^ 

whole internal traffic of this couiur\. lo;)r many years th(‘reafter further experiments 

were abandoned, and with th(‘ adv('nt of railroads and the locomotive the (list siaj^e. 

in the history of steam carriajres was closed. Although intermittent attem[)ts were; 

made to revive the system of road locomotion, it was not until that tlu^ motorcar 

industry of the pre^sent day ori^inatc'd in any really commercial sens(*. ('ount AIIkmI 

de Dion (now MaiTjuis), while [)romenadin!Lt* onc^ of th(^ Paris Houl(‘vards, when* novel 

mechanical toys werc^ exhibited by street hawkers, was impr(‘ssed with (lu* id(*a of 

replacint;* the inj^enious clockwork mechanism of a small tov carriage by some, more 

suitable form of motor. l*'or the* mechanical developmtmi ot his ideas th(! count entered 

into partn(*rship with the* inventor of th(* toy earria<>(*, and as a result of th(‘ir joint 

efforts the small steam car illustrated in (ly*. 405 was construct(‘d and run, with 

considerable success, in 1SS3. Although the restilts w(*r(* vt'ry promisini^. and indicated 

what miL»ht Ik? expcrcted in the* futun*, it was (‘vid(*nt that somt* new t\ pe of boiler 

would require to be devised to meet the. very s[)ecial re(iuirem(*nts of a st(‘am car 

namely, rapidity of action, sal'ety, and power. 'Fhe system ot (lash boilers, appli(.‘d 

with so much succ(‘ss by 1 )(* Dion, Peon Serpollet, and In later makers of steam 

cars, consists in j;en(*ratino' sufficient steam for each stroke of th(? eiv^iiu* as it is reciuired, 

and in havin*^ at no time any considerablt; (luantity of wat(*r in tlu? boiler. Sulheient 

water for the production of a cylinderful of steam is forced by a laimp throutth the 

thin water space of the boil(?r tul:)es, which have? very thick walls, capalile of r(‘tainint4 

a Iar<>e (|uantity of heat, and ot withstandinjn* with safety any pressure that may arise. 

At each stroke of the? engine a n(!W supply of water is forced in l)y the pump, so that 

only the (|uaniity of steam re(|uired from moment to m()m(?nt is ^enerat<.*d. In th(? 

boilers of modern steam cars where oil fuel is used, as is customarily so, the sup])ly 

of oil to the heatinj^* burner varies with the action of the ent’ine, and is almost entir(*ly 

cut off when the engine is stopped. 'Phis type of boiler will be again referred to 
vor.. n. 44 
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wlicii (lcscril)iiiCi- in detail tlie principal makes of stc'am cars. Subsequent developments 
of the steam car only lu-lped to demonstrate, in.stead of to overcome, the objections to 
the s\stem whicli involved the carriage of not only water, but also of a supply of coke 
for the furnace, as at that time the use of oil fuel was practically unknown. Attention 
was accordini^ly tlirected, by Cottlieb Daimler and Carl Renz independently, to the 
development of internal-combustion engines, and .soon the steam engine, so far as its 
us(f in cars was concermsl, \\;is entirely superseded by th(t |)etrol motor. 

.At the present time the ureat majority of motor cars are provided with engines 
of the internal -combustion type, burnintf petrol vapour, and only ;i relatively small 
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proportion ol steam or electric c;irs is manufactured. 'This is not due wholly to the 
superiority ol the petrol .system ovtT either steam or electricity in all respects, but 
rather to the (ailiire, of the latter in jtarticular, to .satisfy every recjuirement, anil also 
to the greater amount of attention th.at has been concentrated upon the diA'elopment 
of the petrol car by a host of skilled desioner.s. If in the early days oil fuel could 
h;i\ e been substituteil lor coke, as it is now, ;ind if the same attention had been tlevoted 
to the development of the system, petrol anil steam woultl probably now be more equally 
favoured by the pul)lic. Rach ol the three .systems, petrol, steam, and electricity, has 
its advantages and di.sadvantatjes, and the suitability of any one for any particular 
casi; depends upon how many of the conditions are satisfied by it. 'The comparative 
advantages may be roughly summarized here, but it should be noted that what is 
an advantage under certain conditions may not be so under others. Where the variety 
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of types is so great it is not [)Ossil)le to niak(‘ any rigid classillcatii.)!! of gcMieral 
api)licalion. 


^‘Ichantai^cs — 


Petrol Cars. 


Cjreat perfection ol d(‘sign, the result ot much experimenting l)y th(‘ skilled 
manufacturers concc'nuM in their dc‘velopment 
Variety of tyi)C‘s to choosi? from. 

Small s[)acc? recjuired tor tin* storages ol the petrol, inenMsed rang(‘, and the 
eas(! with which the ston* may now be rc‘|)lenished at any countr\ town. 


Disai^vCiUt/iiors - 

Inherent ol)j(‘ctions to tlu* lour-strok(‘ c\cle, with only one impulse* per cy linden* 
ev(*ry two re^vedutions, and a high initial (‘xplosixe pre*ssure. 
d'he high temperatures (.)f combustion necessiiating the* use* of eirii ie*nt wale*r 
jacke‘ts anel coeding and cireiulaling arrangements, and involving the 
carriages e)l a store of C(xding water. 
lncre*as(jel difliculty of lubriesating the cylineler at the high temperature*. 
Occasional unpleasant exhaust. 

Nescessity for a gear beh\ or other arrangem(*nt for varying the spe*ed. 

Steam Cars. 

^likuintaocs — 

d'wo working strokes per cylineler, if elesire*el, lor each res\'olution. 

Idexibility (d' thes stexim e'ngine* as re/garels power. 

Reduceel working te*m[)erature anel freedom Injin e*xce*ssive v ibration. 

Ne) water jackets* e)r cooling arrang(*me*nts. 

.Simpliedty anel (*ase e)t control, e‘specially when starling. 

Exhaust, if sometimes visible, is at lesast ine)dorous. 

Disadvafi/aors - 

Limiteel che)ice of type*s. 

d'hes use e)f a steam be)iler anel oil burner, he)wever compact anel sim[)le. 

Electric Cars 

Directness anel sim|dicity. 

Idise ot speseel contiol. 

Absence of e^bjectionable spese.*d-ge*ar wheels, 
l^d'cesdom from vibration, anel cjuietness of the running. 

Cleanness. 

Fdexildlity of the system as regards the powen* ele*veloped. 
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/h'sad: '(I u ti / < \s' — 

'I'lu! us(? of heavy and expensive accunuilators, both as reoards first cost 
and npkee[). 

d'iiiK! r(M|iiired for rechar^ini^ the batteries, unless a second set of accumu- 
lators is uscal. 

Limited number ol char^in^* stations. 

Low ea|)n('il\' of the accumulator, L»‘ivintJ for one charge of the cells a rani^^'e 
of from 20 to 40 miles. 

Initial cost and runniii;^ charges. 

It is not possible to ^iv(* any ri^id comparison of the three systems of petrol, 
steam, and electric (*ars, or to stat(‘ the rel itiv(; im[)ortaiu:(! of their respective merits 
and di*mc*riis. Much skilled attention has been concentrat(*d u[Jon the problems of 
th(* petrol motor, ])articularly in its ap[)lication to motor cars, by an ever increasiiyi** 
body of experienced manufacturers throughout the country, and as a result the s\stem 
as a whole has be(*n brought to a state (.)f L;r(*at perfection. It is now possible, in even 
th(* villages of the country, to r(‘plenish tht? store? eif |)etrol or to carry e.iut small refiairs 
when re‘e|uiri‘el. As the? number e)f peare)! cars increxises the? experiemce of mechanics 
t:ontinues to j^row, and there is little* elifhculty now^ in eibtainint;* in any small town 
some- skille-d he-lp in the event of a bre-akdown. Stexim cars, on the other hanel, cle) 
not so fre-ejue-ntly come* unele-r the neilice eif these lexical enc^ine?e‘rs, and, as a rc-sult, 
the-re* is ne)t so j^ene-ral a kne)w le?el‘;e‘. eif their ailments. d'he pre?sent alnuist universal 
aeloptie)!! e)f the pe*irol syste-in is fre-epie-ntly a ele-termininL;' facteir in the? choice of a car, 
apart from any |)ossil)le? su|)e*rie)rity e)f eine system e)ve*r the either. 

W he*re‘ cost e)l runnini;' is of secondary impeirtance, as in the case eif the town 
prae-tiee* of a medical doctor, or feir the- service ejf tlu?cUres and other similar ptirpeises, 
the? e-le-ctric meiior car is e're-atly faveiureel on ace:e)unt of its very silemt running' and 
ge-ne-ral suitability lor such work. h'or teiurinc;' purpe)se?s, heiweve-r, the electric car 
is e|uite unsuitable-, ein ae'ceiunt eif its exce-ssive weioht anel small raelius e)f actie^n, 
anel lor the- eithe-r re-aseins re{erre*d to above*. Small private? installatiems, cejmprisini^ 
a 4as engine- anel elynamo, have been fre-e|ue*ntly installe?d by use?rs of these cars, for 
the charj^ini^ eit the*ir ce-lls whe-n a pulilic supply eif current was neit availalde. 

I hese- thre-e- syste-ms, which are the only ones in practical use, will be now 
separately cemsielered in .seime detail. 

PETROL MOTOR CARS 


(. ruele* pe-tre)le*um. Ireim which is elerived the cemimercial petred consumed in mentor 
cars, is obtaine-d largely Ireim natural sexirccs in Russia and America, and to a smaller 
extent Ireim Roumania and other ne-io*hbourinLf elistricts. In Sceitland a certain ejuantity 
is e)btaiiu*d by the distillation of eiil-bearing* shales, but the amount is inconsideral)le. 
In its natural state the petroleum consists of a mi.xlure of hydrocarbon oils, which 
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change from the liquid to the gaseous state at very difleront temperatures. hVactionai 
distillation, which consists in condensing the oils given otf, at diff(!rent uanperatures, 
is therefore resorted to, in order to separate these various oils. 

Each oil is commercially specitied by its specific gravity or density and clostnl and 
open Hash {)()ints; the latter being the temperature; at which, under atmos|)heric [)ressure, 
the oil commences to give off inllammable vai)()urs. 

* Benzene, na[)htha, and gasolene are vaporized at temperatures below b\, and 
owing to their inllammability it is necessary, under the; Board of Trade regulations, 
to adopt certain precautions when handling them; and for insurance; [)Lirposes it is 
necessary to notify the companies involved. 

Kerosene and illuminating oils are next in order of distillation, at temperatures 
of from 77'' to 122” E. ; and, as these oils can be handled with safety, fewer restrictions 
upon their use are imposed by the Government. At temperatures uj) to 425" I\ the 
lubricating oils are vaporized and s(*parated, and thereaft(;r the |)araffin waxes are 
recov(;red. 'The residue consists of the; dense* oils used as li([uid fue;! in furnaces. 

It is not possible; to burn the cruele pe‘tre)leums in mole)r engines, owing te) the; 
veryjiigh temperatures reejuire*el for the*ir ce)mplete ce)ml)ustie)n ; and only the lighter 
classes e)f the gasolene e)ils alre*aely re;fe;rred te), having spe*cific gravities e)f from exOS 
te) 0.72, are generally used uneler the name of petre)l e)r me)te)r spirit. The-se* oils, be*ing 
e)f the me)st inflammable descri[)tion, e:e)me under the Government regulations, and must 
be handleel with the greatest care. 

Arrangement of the Car Elements. Altheiugh it woulel be* me)re systematic 
te) describe the; various organs of the me)tor e^ar in the* e)rde*r in which they deal with 
the working substance;, and in which the; heat eaiergy is e:e)n\'erte.;el into mechanical 
energy and then applied at the road surface, the; less re*gular t:ourse; will be; adopte'el 
of describing the principal elements first, as some; knowle;dge of their we)rking and 
arrangement will make the actie)ns e)f the mine)r portiejns cleairer. 

It is first necessary to consider the car as consisting e)( — 

1. d'he Chassis. 

2. The Body. 

The chassis comprises all the mechanical parts, together with the frame; upon which 
they are carrieel, and its design anel construction are the concern of the particular maker 
rather than the buyer; whereas the body, which includes the carriage work, must be 
varied to suit the taste of the purchaser, although there are certain recognized forms 
which are generally adhered to. 

Fig. 406 is an el(;vation, and fig. 407 a plan of an Albion chassis, the parts of 
which have bc(;n numbered and corrtLspondingly indexed for the pur])ose of description; 
and fig. 408 shows the completed car. 

Petrol is stored in the su[)ply tank 34, carried on the dash-ljoard 33, and passes 
to the float feed chamber of the carburettor 15, where it is vaporized and mixed with 
air before its entrance into the working cylinder. A silencer is nttached to the air 
inlet of the carburettor to suj)|)ress the noise of the suction. After its combustion in 
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the workinj,f cylindftrs of the motor, the waste caseous products are exhausted through 
the exhaust valves at 1 1, and through pipe connections, not shown in tlie figures, to 
the silencer, which reduces the explosive re[)ort of the gases as they (;scape to the 
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air. li^nition ol the mixture in the cylinders is effected electrically hy the sparks 
produced hy the mat^neto 22. 1 \) prevent the cylinder temperature from l^ecoming 

excessive, a supply of water, cooled in the radiator i, is circulated by a centrifugal 
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l i';. Alhujii iB-lM*. Car; Si(U‘-cntr.nu(* Tonneau 

[)uni|) 3 through the jackets around the cxlindcTs, and otlaa* parts siihjccU'd to lh(' 
hi!L»h tenip(*rauirc of the condjustion. DiiriniL;* the working' of the engine the fan 2 
draws cold air throiij^h the radiator and causes it to circulait^ around th(‘ (‘n^ine. 

d'hese parts, as far as lh(‘ clutch 25 on the enL»ino shaft, may he consider(‘d as 
the motor which converts the heat energy of the pcarol into mechanical enerj^y, while* 
the succecdini;* parts, which s(;rve for the; transmission of the drivin;^ forces to the 
wh(?els, are included under the general term transmission. 'I'he rotational motion of 
the engine shaft is transmitted through the? friction clutch 25, and the s|)rin^ dri\e 32, 
which takes up momentary shocks to the s|)eed-j;c*ar box 35, and the differential- 
t^ear box 39, from which the chain pinions art! driven. 'bhe driving* force; ^(sierated 
in the en^int; is thus finally transmitted, throuinh chains in this particular instaiu:(*, to 
the driving* whecds of the car. Within convenieaU reach of the driver is |)laced a hand 
lever for controlling^ the s[)eed clears in the box 35, and the pedal 26 eaiables the clutch 
to be disen^aoed, thus disconncctino* the engine and the transmission. 

I'vvo sets of brake; ^ear arc t^enerally sup|)lied, one on the transmission shaft at 
40, operated by the pedal 29, and one on each of the driving; wheels, controlled 
to}4'ether by the hand lever 37. 

Stecrini^ is effected by suitably directinj^ the front wheels, which art; conn(;cted 
throui^h the arms 58 and 59, and throuHjh the steerint; ;4't;ar 30, with the st(;erin^ 
wheel placed in front of the driver. 

Reference will be made later to the various systems of controlling^ the mixture, 
supplyintj the petrol, and lubricating the working parts, as these vary greatly in the 
cars of different makers. 
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Tig. .\f\h S|»tv«l\sdl Chassis: S*'( ii(Mi of Fraujc 


Frames. When air powers were not ori'iit, ;is in the earlier clays of the industry, 
the frames were liiiilt up of ash or other suitable woods, reinforced with metal ditches; 
but in order to satisfactorily withstand the heavy stresses that come u[)on the powerful 
cars of the present time, and to reduce the weight to a minimum without unduly affecting 
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the strciv^th, the frames, cxcc'ptinj; in the case of certain types of small cars, arc made 
ol pressi‘d ste(‘l of channel section, arraniLjed horizontally, as in fitf. 409, or vertically, 
as in the Ari^yll Chassis, shown in 410, where the inverted fl section is adopted, 
hrom an e.xamintion of this chassis it will be seen that sufficient side rigidity to 
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withstnnd the severe stresses that arise when such heavy cars require to turn sharply, 
with a considerable load, is obtained by l)racino* the frames together with cross bars v, 
while additional rioidity is oiven to it by the cross brackets carrying* the (*nt>ine v and 
the i^ear-box i. Tubular ste(*l cross bars are also fr(*(juently usc*d in other types of 
frames for the same [)ur|)ose. 

It will be seen also, from the side view of the illustration, fig. 410, that th(? frame 
is uleepest at the middle, where the most severe bending stress(^s occur, and that the 
ends are curved in order to give ample room for the movement of the springs. In 
the yXlbion Chassis, fig. 40S, the forward end is narrowed to give iiK^re room, or, as 
it is called. Lock, for the turning of the front stec^ring wheels. 'bhis is particularly 
necessary in cars of long wheel base, where the wheels require to swing through a 
consid(‘rabl(? angle in order t(^ turn the car in a reasonably small length. 

Some im[)ortancc attaches to the position of th(‘ frame above the ground. If placed 
too high it interferes with the body of the car, and makes the arrangement of side 
entrances more difficult; while, on the other hand, if placed low down, the car when 
running tends to raise! dust, unless [)artic.ular care is taken to dispose the engine and 
mech;^nism as high as j)ossible above the ground. 

Springs. — Semi-clli[)tic laminateel springs are gen(*rally arranged longitudinally, 
as shown in figs. 406 and 410, to absorb the more s(!vere shocks, as the tyres alone 
cannot deal with any but small unevennesses of the! road. Thv springs are attached 
by links to the elumb irons, .secure'el to the e.xtreme e!nds of the siele framers, anel at the? 
inner ends by similar links to brackets, e>r elirectly to the frame*. A transverse? spring 
is place'd in several type\s of cars at the re*ar of the frame, but neve?r at the? front, as 

dangerous siele rolling may be thereby introduceel. Rubber l)uffe?rs and ch(?cks of 

«> 

various kinds are [)rovieleel where necessary, to limit the eixtreme me)tion of the* 
springs. 

"Wheels. — Not e)nly .have the whe(*ls to carry tlu? load anel transmit the? drive, 
but they are also subjecteel freejuently to ve?ry severe? side stresse*s, when, fe)r exam[)l(*, 
a side .slip take?s j^lace, or the* whe?el comes into contact with the kerb e)f the re)ael. They 
re(]uirc', th(‘refore, to be ce)nstrue:tcd to withstand strong forces appliexl both vertically 
anel horizontally. We)oden wheels are nu)st generally aelopte?el at the present time. 
althe)ugh there are aelveDcates e)f the wire-spoked whe?el, which at e)ne time was more* 
generally fave>ure?d. A special form e)f artillery wheel, as fitteel to Argyll cars, is illus- 
trated in fig. 411. The spokes e*, of seasonerd oak, are tene>neel inte> ash felle)es u, which 
are bounel togethe?r by the stee?l tyre D, and the inner enels e)f the spokes are sockete?d 
l)etween the hub plates a, which are se) arranged that any slackness of the spe)kes, as, 
for example, in long-continued dry weather, may be taken up. The spokes arc? inclin(?d 
to the vertical, alternately in opposite directions, to withstand side? forces, and this 
arrangement, together with the insertion of felt packing betwe(?n the? s]K)ke ends, permits 
of the wheel being tightened by bringing the hub fianges cIosct tog(?ther. In many cases 
the simple ty[)e of artillery wheel, with metal hub and with the .spokes inclined in one 
direction only, is adopted. Wire w'heels are not so fr(?quently adopted, owing largely 
to the difficulty of keeping them clean, and possibly on account of appearance. They 
lighter and more readily repaired than wooden wheels, and when the s[)okes are 

VOJ.. u. *6 


are 
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si.mcie.itly staK^L^(-•r<xl, and are arranocd tantrentially. they are ciuitc able to carry the 
load and to withstand severe side; stn-sses. 

Tyres. Solid and itiKtuniatic tyres have each their advocates, but it is not possible 
to mala; any ri-,dd comparison, as the relative importance of their merits depends upon 
the conditions to b.; satislied. Where smooth ninning and freedom from all vibration 
at hioh speeds is essential, pnefimalic lyres are generally fitted; but for slow -running 
cars, solid 1) res are often used with satisfactory results, especially when the springs ^-(.• 
made speciall} resilient. As already staled, the springs absorb the heavier shocks, while 
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rul)l)(‘r whctlu^r .solid or |)iu‘iimatic, accommodate themselves in different dej^rees 

to small ine(jiialiti(‘s of the nKtdvvay, hy lillino* up small hollows and Includinir projections. 

I he solid tyre has the ailvanta<4(‘ of freedom from puncturinej or the other ailments of 
the j)iuaimatic tyre, hut experience has shown the Pidvisability of fittinij pneiiuvatic tyres 
to at least the steering* wheels, with either pneumatic or solid tyres on the drivinj^' 
wheels according to the circumstances. 

In certain or^asy conditions of the road surface, rubber tyred wheels are very liable 
to side slippinij, howevcT candully the car may he run. To remedy this serious danocr 
the lyre iac(‘s are i^rooved or armoured with metal projections, which improve the grip 
of the wheels. 1 here arc^ on the market various removable non-skid devices of studded 
bands or chain.s, >\ h:cb me-: t Lie difficulty in a satisfactory way. 

The Engine. Mg. 412 illustrates diagrammatically the whole engine system, 
from the petrol-supply lank to the silencer on the exhaust pipe. At each suction stroke 
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of the piston, that is, as it moves outwartis, petrol is suckixl from the supply tank lhn)u_i^h 
the float feed chamber and through the spray nozzle of the carburettor. Air is at tin; 
same time sucked in through the air inlet, and in its {jassage across the nozzle it breaks 
up or atomizes the stream of petrol, and mi.xes intimately with it to form a gaseous 
mi.xture, the richness of which may be rcgulaUal by suitably controlling the sizes of the 
oil and air inlets. The explosive mixture enters the cylinder through the inl(!t, or, as 
it is sometimes called, imluction valve, which is hekl t)pen during the stroke, either 
mechanically or liy the difference of pre.ssure due to tin; suction. As soon as the |)iston 
commences the return stroke the inlet valve is rekuised, and closes under the acti<in of 
a spring, and, since the exhaust valve still remains closed, the mixture in the cylinder 
becomes highly compressed into the small space at the end of the cyliiuler, aiul is then 
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ready for ignition. This fs effccUtd electrically by passinn* n s[)ark betvvec*!! the* points 
of the i<4’nitioii i)luL>‘, shown proje‘ctinL>* into the? valve chainl)er; l)iit, as the exact inonuMit 
of i^iiilinj;* the mixture after tlie piston has reached the end of th(? inward stroke is ot 
some importance, means are oenerally provid(?d for advancinj; or rc?iardini;' the ii^nition 
relatively to th(? position of the piston. When the mixture is iiLjjnited, the oil vapour 
burns with threat rapidity with the evolution of heat, and is converted into ji^as at a hii^h 
temperature and pressure, which expands and drives the piston outward ai^ain. At the 
end of this workino' stroke the exhaust valve is automatically opened, while? ih(? inlet 
valve still remains closed, and the wast(? ;4*as(?s are (exhausted throughout th(? return 
stroke into the silencer, and thence to the atmosphere. If no silencer were fitu^d to the 
exhaust pi[)e, the .sudden reduction of the prc?.ssiire at the exit would result in a loud 
report at each discharge. Hut by exj)anding the exhaust gases into the silencer the 
pressure is more gradually r(?duccd to the pressure of the atmosphere, and all objection- 
able reports are avoided. Care must be taken to make the silencer sufficiently 
ample to prevent any .serious increa.se of back pressure. At the end of the exhaust 
the piston recommences the cycle by drawing in a new charge of the explosive 
mixture. 
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'I’licscr four sUijrc s, which constitulc whut is called the Otto cycle, may be summarized 
JUS follows: — 

1. Out stroke*. Suction. The mixture is dnivvn into the cylinder. 

2. K(*tiirn stroke, ('oinpression. I'he cluiroe is com|)ressed. 

3. Second outwiird stroke*. lMrii\t>', Jincl expansion under the piston throutjhout 

the working' stroke*. ^ 

4. keturn stroke*. Kxhaust of the waste gases. Sometimes called the 

Scjivenging Stroke. 

5. Stage I repexitexl, Jinel se) e)n throiighe)ut the new cycle. 

It will he? e)I)se*rve*el from the* brief elescription given above that the inlet and exhaust 
valve*s Jire* e*ach o])e!neel one:e* per cycle.*, that is, e)nce? for four strokes of the piston or 
two re*ve)lutions e)f the* crank, .and the vjilves must therefore be* operated from a shcaft 
se) geared as to iiiiike one? re?ve)lutie)n while the cnink shaft makes two. This shaft will 
be referred to as the half-spe_*eel or half-time; shcift. 

Me)tor-ejir engine's are generally provielcal with from twe) to six or eight cyli\Kl(*rs, 
ae:e:e)reling to the power re;eiuire;el, Jis the tlevelopment of the whe)le power in one cylinder 
we)ulel inv’olve very hejivy pjirts, besides incre*asing the l)alancing difficiiltie's .and giving 
irregukir mention. Very small cars jire se)metimes litt(*d with single-cylinder engines 
simikir te) the)se; fitted to me)te)r cycles; Jind, Jis an exjimple; of the singl(.*-cylinder type, 
the l)e* Dion He)ute)n 8-h.p. me)te)r, illustrate*d in figs. 413, 414, 415, jind 416, will be 
de*scribed in detail. 

b'ig. 413 shows the. timing side of the motor, with the gear exposed and parts in 
section. 

lM‘g. 414 is jin external view of the compl(*ted engine. 

b'ig. 415 shows th(* compression-rel(*Jise gejir, and fig. 4*16 is a section through the 
cnink casing ck'arly indicating the lubricjition arrangements. 

In this pjirticular design the whole of the gear is assembled on the side of the engine 
I'jising; the two vjilves jua; contJiined in one chest, and the; valves and s])indles are the 
sjime Jind therefore int(‘rchang(;able. In the S-h.p. engine the cylinder diameter is 
3};! in. (100 mm.) jind the stroke 4’] in. (120 mm.). Both valves, in. diameter, are 
mechanically operated, Jind the lubrication is fortx'd by an oil pump. The cylinder, i, 
has a mallejible cjist-iron cap 2, which includ(;s the water-outlet [)ii)c 3. Thi^ outlet is 
elbow-shaj)ed to permit of the valve-cdver plugs 4 being removed. . 5 is the iiik't and 6 
the outle t valve, which, ;is jilready stat(*d, are interchangeabk*. d'heir operation will be 
explain(*d later. 

1 he cnink cjise 7 is of aluminium cast in two pieces and assembled by ten bolts 8; 
one of which, 9. is iitili/(*d as an oil-distributing channel. Four supporting brackets, 10, 
.lie piovided, so thjit the engine may be bolted directly to a frame or a bedplate. 
I his arningement protects the motor from external straining forces. All the timing 

ge.ir is c.irri(*d on the valve side of the casing anti is covered by an aluminium 
plate II. 
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diiriiii,'^ tile romprcssion stroke. When the outside lever 23, pinned on the shaft 24, is 
pulled, the inside lever 2‘5 pushes aj^ainst the collar 26 of the shaft 17, which by 
foreiiiL;- outwards the lever 21 actuates the e.xhaust valve. Thus when the small 
projection 22 of the cam |)a.sses undta* the cylindrical part of the lev(;r 21 the e.xhaust 
valv(; is raised, and when the outside lever 23 is released the spring 27 returns the 
inside lever 21 t(j its normal j)osition. 


Lubrication. At the bottom of tht; crank case is formed a reservoir 28, into which 
tlu; oil admitted at 20 drains through the optaiing 30 tind tht? gauze stniiner 31 (fig. .|i6).* 

This strainer is ittlached to the cover 32, 



and may be removed for detining, Ry 
mtxins of the tap 33 the fulness of the 
re.servoir may be tested. 'I'he oil pump is 
of the double-pinion type, which will be 
described later, and is driven by a worm, 
35, fi.xed on the hub of the timing pinion 
13. loom the worm 35 is driven the 
helical pinion 36, on the shaft 37, which 
is coupled to the; pump spindk; through 
the spiral spring 38. h'illered oil is drawn 



I It; itj. - LxiiMii.il View of Oc Uion Siu^lc-cylimlor Ihtoiiic 


I ’K* CuiiijUf.'v.'viun Kdease (Jc.ir 


by the pump from the reservoir 28, through the connection 39, and forced out to the 
hollow lK)lt 9, through ;i pipe; atUiched to the outlet .\o, as indicated in the side view. 
Iig. 413. I he pressure, which is regulated by a spring-controll(;d valve, cau.ses the oil to 
thiou_^h the hole 41 to the mtiin-shaft bearings, and thence to the** crank-pin bush 43, 
thiou..^h tilt obIi(]U( pas.sage 44 and 45 in th<; shaft, cnink web, and pin; but only once 
tath u.voluiion, when iht; aperture in the shaft comes opposite the Opening of 4 1 in the 
bi.uin.^. lo pievent the oil as it leaves the crank pin from being thrown, by the 
motion of tht ll\ wheel, up thrtiugh the connecting-rotl aperture 46 into the hot cylinder 
.'1 u _, whcit it woultl bum and prtuluce smokt; at the exhiiust, twti spla.sh plates, 47, are 
llathttl to the llvwhtd, .uul thus the oil is con.stniined to pass through the passage 48 
to the sitle t)f the crank ca.se and thenct* again tt) the reservoir 28. 

pit.viouslj st.iteil the jiresstire is regulated by ti spring-controlled V'alve. This 
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pressure; must he just surUcieut to overcome the; resistance to the How throu”li tlie 
smallest of the passaj^es, which has a diameter of ^ in., and to rai.se the oil as far as 
the bio- end of the comieclino- rod. When the motor, through running: at a hij;h 
speed, causes the pressure to unduly ri.se, the valve is forced open and the e.vcess 

ot oil passes liack to the reservoir 
28 through the passaj^e .jc), thus 
maintaining the normal pressure 
of the oil. 

Engines. A t> |)(' of single- 
cylinder engine, as litted to the 
1 )arrac([ 7 h.p. car, is illustrated 
in lie. 41 y. |i()th valves, (ex- 
haust and inlet, are. arranged on 



Fio. 4if>. St't'lion ihrotif^h l 'ivmk tuitl ( asipt^ 

the one side, and they ave mechani- 
cally operated by the timing’ mc'chan- 
ism, which is (Mitirely enclosed. For 
the lubrication of the engine alone 
a separate oil pump of the pinion 
type is provided, as indicated at the 
extremes left of the casino*. 

Small cars of less than 8 h.p. 
have <jenerally sintjle cylinder enoines, 
but for larLfer cars th(i power is 
divided over several cylinders, accord- 

ino* to the power required. In these enoines the cylinders are usually cast in ]jairs and 
bolted to a common crank case, d'his construction, which is very Generally ado[)ted, is 
illustrated in fio's. 418, 419, and 420. bio*. 418 shows the Speedwell two-cylinder engine, 
developino* from 10 to 12 hq). ; 419 is the four-cylinder engine of the same makers, 

developing 25 h.p.; and fig. 420 is the six-cylinder 40-h.j). type. It will Ik* seen that the 
same parts are largely used throughout the various sizes. Having described in detail 
a single-cylinder engine, it will not be necessary to give any lengthy description of the 


Fi^. 417. 'D.ur.icq Sini;l(r-c\liiulri- I'.iigiiic 
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imilliplc-cyliiulcr types. With one cylinder it is not po.ssible to balance the reciprocatintr 
parts, such as the piston buck(;i and rod or the connecting rod, but the rotating jtortions 
may Ik; satisfactorily de;tlt with by the addition of stiital)ly-pl;iceil weights. With two 
or more cylinders the inertia forces of one s(;t of reci|>rocating parts may be balanced 



Fig. 410. --25-n.P. Fotir-(\liiali*t F.ngino. Valve showing^ Crntrifugal Pump and Gas Chamber 


to a large extent by the inertiti effects of other parts. Hy dividing the power over 
.several cyliniItTs, not only is it po.ssible to redtice the weights of the various parts, but 
iilso to impnn'e the quietness of the rtmning, as the reciprocating masses may be 
iilmost entirely balanced amongst themselves. 


f^AI.A\Ch\(; 

'''<-'>1 oalaiicitiu- of fi,,, ,., • 

the icciprocatino- parts 



%. ^=o._Spee.|«.en .Si,.,.yiind„ K„gin, 


's obtained. Tliis I-ki,..- . 

A. ,.a. ,, 

and i» noady ,W ,„t. o.vplnsion.Li,, m *. "'7;"’''"’“'' I'"'-® 



cnnniicmV in r'nid'c ■* At III 

“"’t:;; tzjT; '■* ■■' ;4e.i.ion 

‘‘•.e- ^.ween thn :;,::l::'!~ 
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also he noted tlint, owinj^ to the arranoaaiient of the cranks at apart, the two 

Mrts of rtrcii)rocatint> parts liave corresponding- motions, hut in opitositc directions, 
so that tlie inertia forces are to a laroe extent balanced, and mnch of the vibration 
tdiininated. 

In the second .'irran^einent, illustrated in fio. 422, the two cranks, instead of 
beiiiL-- spaced iKo" apart, have tlie same position, and may therefore be combined. 
All the reciprocating p;irts now move simultaneously in the .same direction, aiM 


Exolohlon Suction Exhaus t Cu. nprcsa lon Suction E xplosio n CotnprejjJon Explosion Suct^ 
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Im^. 42^. — TVo-c) lindiT Anangftncnt of (.'rirttks 


they cannot be made to l);dance one another. With this disposition of the cranks 
there is the advantage of a more uniform turning effort, as the (explosions take place 
at regular intervals of one revolution. Commencing with the explosive stroke in 
cylinder a, the piston of cylinder d will now lie at the top, and about to draw in the 
new charge; whereas in the previous arrangement, fig. 421, the piston was at the 
bottom and just about to commence the exhaust. At the second stroke, fig, 422, 
exhaust is commencing in cylinder a aitd compression in 6 . Stroke three of fig. 422 



•’•g- 443. f 'r.iiik Sli.ifi of \Volsfk*y Kotir-ryliiulirr Kit^jino 

‘ 4 

cli(fi‘rs from the corrcsponclinjj;^ stroke of ^21, as the explosion In cylinder of 
thc.‘ toriner Is ahoiit to tak(^ places. 

W lu‘n the cMioine has more than two cylinders the sequence of the explosions 
may l)e so arrankjcxl as to comhine the advantaijes of both systems; but mechanical 
consid(‘rations also play a part, and there is no ijcncral order that is followed by the 
vari(.)iis makers. Some builders adopt the order of explosion in the cylinders i, 2, 4, 3, 
or 1, 3, 4, 2 tlie latter arrangement beirijr that used in the Siddeley car of the 
Wolseley I ool and Motor Car Company of Birmim^ham. I"rom the illustration, 
4-3» of the crank shaft it will be seen that the first and fourth cranks are disposed 
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at 180' to the second and third cranks, so that die nxiproratinq parts move together 
in pairs, while the inertia forces of the one pair lialance those of the other, 'riie shaft 
is borne in beariiii^s placed between the second and third cranks and at the eiuls. 
Fi_i;s. 425, 426, 427 illustrate iliai^rainmatically the seciuence of the actions in the 



I' ig. 4Jf). - I'our-t) liiitlLT (.'i.iiik Ai r.tn,i;i‘ni('iil 4J7. 1 '1)111-1’) ImtUr Ihiipiif ( 'tank An .luj^oiiu lU 


cylinders throughout the four strokes which constitute one cycle. It will be seen that 
at each stroke then; is :in explosion in the first, third, fourth, and second cylinders 
consecutively. 

As regards the tirrangement of the. engine, or of the; crank shaft, no one ot the 



I'ig. 428,— riuy.iil (Jh.issii) vilwed (ri)Mi ;tl.»ou*, bhowiiitj (Jjtpu.scd (_yliiidci!> 


generally-used systems can be said to bt; superior to another in all respects, although 
the majority of cars are now fitted with longitudinal shalts and vertical cylinders 
placed at the front before the; driver. Other arrangements are adopted in certain 
well-known types, as, for example, in tin; Arrol-Johnston engine, in which the charge 
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As an example of a four-cylinder engine? die motor of the Siddeley ear already 
referred to is illustrated in the hall-sectional elevation lij^;. 429, the end-sei:tional elevation 
I'J?- 4.1O- external view fiir. 441. d'lu; piston bucket, with its piston rinos and 

the conn(;ctin}>' rod, are also illustrated in fii^. 442. 

I'rom the illustrations it will be seen that tin.' enoiiu; is of lh<! vertical t\ pe, with 
the iron cylinders, water jackets, and heads cast together in pairs and mounted upon 
aiif, aluminium base chamber, which forms the U|)pt‘r portion of the crank pit, the bottom 



I'iu. ^30. — Ctoss .ScclitJU of SKliU-ky Motor 


being removable to facilitaU; inspection. All four cylinders have a diameter of 4;; in., 
with a stroke of 5 in., and at the normal speed of 1000 revolutions per minuU- the; motor 
is rated at 46 brake h.p. The crank chandler is divided into two separate compartments 
by a partition, which prevents the; lubricant from flowing completely to one (sid of the 
casing, and thus from starving certain portions of tin; im.chanism when the car is on 
an inclined road. Two inspt.'ction covers and two drain holes are also providtxl in the 
lower part of the crank chandler. 

All the valves for the exhaust and the admission are interchangeable, and are 
arranged in pairs along the one side of the motor, where they are most accessibhr. 
In the earlier types of Wolseley engines the suction valves were placed over the cylinder 
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lop, unci the exhaust valves at the bottom. Along the front of the engine, and tmcloscd 
in the crank chamber, is' carried the horizontal cam shaft which operates the valve 
stems. At the forward end the valve shaft is driven from the main .shaft by spur 
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gears, which make the; cam shaft rotate at half the .speed. This .shaft, with its cams, 
which engage with the valve spindles, is clearly indicated in the fig.s. 429 and 430. 
When running, the charge is ignited by means of the higVi-tension magneto attached 
to the casing on the valve side, as shown in fig, 431; but to facilitate the starting 



433.-— lUickei Fision of Wolseley Engine 


of the motor from the cold condition, an accumulator and high-tension coil is also 
provided. A lever on the steering wheel enables the ignition point to be advanced or 
retarded, in the case at least of the magneto, by altering the position of the armature 
relatively to the magnetic tield. 



SIDDELEY CAR 


159 


Sc[xiratc control of the motor is obtained by means of a cenlrifiio'al oovernor, 
which operates a Ixilanced throttle? in the mixture pipe, and also rej^ulaK's the air inlet 
to the carburettor. When re(|uired, the governor may be h(‘ld out of action by depressing* 
a pedal provided for this purpose. A special type of compensating* carburettor is fitted 
midway between the two pairs of cylinders, which (?nsur(‘s an eepial feed to each set. 

When dealinj^* with the details of carburettors, the various systems of sup[)ly will 
be described. In the case, of the Siddelcy car the petrol is stor(?d in a reservoir, 
which is carried at the rear of the chassis, l)eside the silencer. I'his tank has a ca[)acity 
of about 16 yal., and the su[)[)ly to the carburettor is effected under the pressure of 



4 .^.^.- I'Jigiiir <)l AiijnII 14 -- io-II. I‘. (?ar, Half St'ction.]) 
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434 . Half Sri lioii.d I'aicl 
Mlosalion 


A, (’ylindci plm;. 

n. (.'ylimlcr. 

r. I’lslon. 

t». f ’onru'i tin^ ntil. 

K. ( ’oinmiil.ilor. 

K. Ilalf-linit' wlicfl. 

Ma^nclo «liivini' win rl, 
n. l-'.m pullfv. 

I. Main-sli.ift tiniiiij; w liri‘1. 

J. ('lank shaft. 


K, ('rank shaft iKMiini; (omms. 

I., ('rank-shaft dil dis('s. 

M. ( '.iin .sliaft. 

N. \*alvc lifter. 

r>. ValM'-hftcr 1 oiler 
1*. Craiikease. 

(.). Oi.iineock. 

K. I'l)wh*'fl. 
s. Oil pntnp. 

T. ( 'rank-shal’t luhriealin^ unions. 


u. Valve-adjustinj» pins. 

V'. Inh’t to walrr jackt'ts. 

\\ , ( 'r.ink-iMSf oil filler. 

X. Wal<‘r-Lircnlaliii.t: pif»<*. 

Y. K.slamst vahe. 

Z. ( 'oinprrssion lap. 

A,. Spaikm^' plii.^. 

ji,. Coijihined e.iil»ijr<‘ttor an«l 
throttle. 

C]. Inlet jiija'. 


|)|. ('aihnnMIor pivot tulM*. 

Kj. ( ‘arl)nrett«»r float i hamher 
I I. I’efrol inlet. 

(m. Hot air itflet. 

Il|, ( 'oinnuilatoi s|)ii.ii wlieel. 
J,. I''rame. 

Kj, M.'u;nelo. 

Lt. i'Ahanst pipe. 

Ml, W.iter outlet to radi.itor. 

I Nj. V.dve l»hij;. 


the exhaust ceases, which arc admitted to tlie reservoir lliroii^h a hy{)ass connection 
between it and the exhaust pipe. An automatic valve arranj^ement keeps the p,ressurc! 
in the feed system constant as the working of the engiiK! varies, and an indicator is 
placed on the splashboard within the view of the driver. A hand jiump is also provided 
to obtain the nece.s.sary initial pressure when starting. 

All the parts of the engine subjected to the high temperature of the combustion 
are surrounded with water jackets, which are very clearly indicated in figs. 429 and 
430. Cold water from the radiator at the front of the car is drawn by a centrifugal 
pumj), shown at the e.xtrcme right hand of fig. 430, aiul circul.ited through the jackets 
and thence b.ack to the radiator, where it is again cooled. 

Forged steel is used for the connecting rods, and .also for the crank .shaft, fig. 423, 
which is carried in three gun-metal bushes lined with white mel.al. biach laxiring 
is luliricated through a separate pijre in connection with a common oil tank on the 
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splashhoanl, anrl the la,”' ends of the connectin^^ rods have in addition a small pipe 
which dips at each revolution into th(‘ oil contained in the bottom of the crank case, 
and in this way a continuous sup[)ly ot oil is forccui up as far as the crank pin. 

An Aroyll four-cylinder 14 i6-h.p. en-iine is illustrated in fios. 433 and 434, which 
show in half-sectional side and end elevations the arraiy^emcnt of the mechanism and 
the details of the cylind<.rs and the valves. V\<^. 433 shows one cylinder and one 
valv(! in sc'ction, and fi^. 434 shows in the same way one cylinder with its inlet valve. 

It will be seen from the illustrations that the; engine is huno directly from the main 
frame .l„ upon brackets cast in oik; piece with the u|)per portion of the enj;^inc casint;. 
riiree piston rin;4S are litted to each of the pistons c, and the ^tid_oeon pins are secured 
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with s[)i!ci;il lo('l< pins shown in h'or^c-cl steel is used for llie coniK^ctino* rods, 

wliich are turn(‘d to a circular sec tion of ain[)le strenb;th, aiul the crank shaft is of steel 
furiu'd Iroin a solid iori^'ini;* and t^round to si/e. h'ach crank is supported on either side 
by a bearing, and the alignment of th(‘ shaft does not rc^adily wear out of truth. Splash 
lubrication is adopt<‘d, l)ut in die case of th(! shaft bearings oil is suppli(?d from the 
re servoir on the splashboard through connections t. A partition in the lowcc [lortion 
ol th(‘ crank case* prc'vents the oil which it contains from llowino' to one end wlien the 
car is on an iiK'liiU', and thus avoids the dan^t^r of unecjual lubrication. All the valves 
are alike and int(‘rchanL;eable, and being arranged on opposite sides of the engine, the 
exhaust on the one siik* and th(‘ admission on the other, two half-time shafts are reejuired. 
rhes(‘ an* .;hown in the* figunbs at m, running within the casing and geared to the crank 
shall by the i to 2 gear wheels i and r. d valve lifters \ are provided with anti- 
friction rollers o, and the lift of each may be adjusted by means of a screw and lock nut. 
Ignition is effected electrically by means of a magnc'to working in conjunction with the 
commutator 1:, which controls the .sequence of the explosions in the various cylinders. 
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Several novel arranoements, which will he dealt with hiivv under their r(‘sj)ectiv(! 
headings, are emhotlied in the Albion motor. 1^'ig. 435 is an external view of the 
engine, compleU! with all its gear, as titUnl to the Albion ib-h-i). car. I'he motor is of 
the iwo-cyliiuUT vertical balanced type, having* cylinders 4^ in. diameter’and 5 in. stroki*, 
developing 16 h.p. Splash lubrication is only used lor the minor be.irings, the c)linders, 



Daimler J’oiir-t'ylindor X'.ilvc* Si»k; 


I. To[) ji.wl of l)asc cliaial/or. 

lUittom (i.itt <il « li.itiilti-r. 
3 hispc*i’tion-lii)Ii* Cover. 

( ( vlindcrs. 
d- V,\lvc ipiidc^, 

I I'liishcs lor valve ‘MiideS. 

5. C'oimectin^ nxl. 

(). T’ush for conneetiiii; lucl. 

7. ( lUdijeon 

8 . I’^ihie portion of half - .spe<*d 

wheel, 

(/. Kirptj for half-speed wheel, 
ro Centre p<)ilic)n f»f half-speed 
whe('l. I shaft, 

ir. f fair speed ])inion on eranh 


1.2. Mid«lle heaiitiL’, for ( .iin sli.ilt, 

I p Ih’nritn; for iMMi-wlieel end of 
e.im shaft and iipiition ■^lla(^. 
14. (‘am-sli,dt l)iaek(‘t covets. 

It;. \';dv(' lever atliiistimj screw. 
i<>. Nut ft)!' adjnstiniT screw. 

17. I’Ahatist e.im. 

18. ln<luetion cam. 

Uf. 'I'tthe shaft for valve hwers. 
i-n. Wilve lever. 

.^T. Roller for v.dve lever. 

I Valvi?(indnclion,inde\hanst ) 

' ( 'ollar for valve. 
i ( 'otter ft)r valve. 

23. Sprint; ftjf valvar. 


2.f. I iihe shaft biaekef ('ovaas. 

25;, ( ‘am sh.ift. 

.»o. I'Aliatist pipe (L.H. I, 

.'8. I'h.i” ftir ev hntler head, 
jij. Ilitennedi.ile vv heel, 

31. |omt foi iiis|)eclion holeeover. 

32. Joint ft)r evh.mst ll.iiu;e. 

33. loint for inlet llan,i;e 

34. t'onlrol luaekels. 

( ‘ontod shaft. 

M.tipielo lever. 

37. Coivtrol lttl»e actuating; lever. 

38. Lever f<jr eailmrettor*. 

3<j. Lubricator (No. 2b) for (ort- 
trol bratkel. 


40. Nut f«»r eiank shaft. 

W'.isher f<n fiiit of cf. ink shaft, 
.fj. r>, till. II (• f«tr crank .shaft. 

,j P Hails for b 
1 Shaft for slaitini.; handle 
45. Star tint; ( law. 

4b. ( ‘rtll.ir forsf.ii I iii^ haiidleshall. 
Lsf.ii tim; lever. 

I Stailiipi; handle bolt. 

I Nut f<ji staiiim; iiaiidle b«alt. 
Sleeve for sf.niinjf-handle 
bolt. 

.j8. Sprint; for .sl.rrtint; - handU* 
shaft. 

49. Ihish for slaitiitf; Ii.inrlle shaft. 


main I^carinijs, and crank pins heinj; respectively lubricated by a s])ec:ial type of mec banic.d 
pump luliricator, which ensures at all spiteds of th(^ engine a sufficient siijiply to each of 
the main Ix^arinos, and entirely does away with all snx^ky exhaust. R(-li(>f cams are 
provided to facilitate the .starting of the engine, and the two Iralf-time shafts, for operating- 
the valves on th(,‘ two sides, are entirely enclosed, together with their };ear wheels. The 
motor is ooveriKxl on the inlet l)y the Murray o()vernor. which automaticidly reoii];it<>s 
tlie sj)ced. mixture-, and ignition advance. The.se arc controlled togethea' Ijy a single 

Vop II. 47 
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h.'ind lever, which replaces the three separate levers commonly provided. Hand adjust- 
ment of the mixture is also provided, to meet the recpiirements of varyin.t>- atmospheric 
conditions and different tirades of fuel, h'urther particulars will be ijiven later of the 
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51. rnink .sli.tft 

c»7. I'lsti.n 

s8. 1 'isioit I mos. 

l)*Miim;[ envois. 
(jo. !■ 1 . Hint's for e\ lindoi cnMis. 
'»!. joints for e\ lintlor - oo\ (*t 

( '\liiu]er tovor, 

0 ( ') lin(ler-on\t*r joint. 

(>4. l'imi|)-<lriviiii; shaft. 

/ I'iljiv whool for piimp-drivini; 
(■>5. 1 shaft. 

' W heel cfhlri*. 

hh. ( ‘ HI’ 

' ^ ’I'uhe for oil-hllini; cup. 

(j;. I 'ap for oil lilhng eiip, 

(>H. I'an pulley. 

60. Kl) wheel. 


70. ( ’ontrol shaft. 

71. Kear-etid he.iring (in halves). 

7- 1. l‘*ront-en»l He.ii in.i;s (in halves). 
7^. Mitldle Immi iiij-fs (in h.ilvesh 
7|. I<ay-shalt hearing (front end). 
75. I ’el cocks. 

7(j. foinl fur cylindiM- side covers. 
77. I’lng for cylinfler (fiont enrh. 
7t>. Tap for centio hearing. 

80. I ‘.ip 1<»r tlyv\ heel-einl heating. 
Hi. Cap fur frunt-end ht'.tring. 

8- !. Magneto diiving v\hecl. 

( onnecting-rod hi-.ninjji (tup 

half). 

( unnecling - rod he.ti ing 
(hotloin h.tlf). 

84. I.e\er for e.xhanst throttle. 


85. ('onnecting lods to throttle. 
80, ( 'onnecting rod to m.ngneto. 

87, ( ’tjiineding rod to steeling 

column. 

88. ('onnccting lud to ignition. 

8u. Connecting rotl to e.vhanst 

throttle. 

(.jo, Jav\s for magneto connecting 
rod. [rod. 

tyr. jaw foi ignition connecting 
9J. Jaw for ignition connecting 
rod and di.stance piece. 

03. Jaw for e.xhaust throttle con- 
necting rod. 

o.j. jaw for exhaust throttle con- 
necting rod. 

95. Exhau.st throttle. 


I‘Ahanst-lhroltle spindle. 

97. Ring for exhaust throttle, 

98. Collar for exhaust - Ihrollle 

spinflle. 

99. Joint pins for jaw.s of con- 

necting rods. 

100. joint pin for c.irhnrcttor lever 

and j.'iw for ignition eon- 
neeling rod. 

101. Connecting-rod distance 

piece. 

102. Pin for connecting rod.s to 

throttle. 

103. Polls for connecting - rod 

distance piege^ 

IQ4. Joint pin for j.iw for exhaust- 
throttle connecting rod. 


j^ovcrninij, ignition, and liil^ricatinfr arranj^ements which form the .subjects of various 
Albion patents. 

In the two illustrations i^iven of the Daimler four-cylinder enj^ine every detail is 
clearly indicated, and th(i name specified in the list of parts. To expose the various 
internal parts, j)orti(^ns of th(! enjjine have been dismantled. Fig. 436 shows the valve 
side of the engine, and fig. 437 the half-time shaft side. 
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Carburettors. -Until the oil suj)[)ly is mixcnl with ;iir, in the pro[)orlions neeessjiry 
for its combustion, no ex[)losion can be ol)taiiKxl from it in the cylinder of the (‘iii^inc*; 
and it is further necessary, in order to obtain a sufficiently ra[)id combination, that the 
air and petrol should be very intimately mixed, so that each minute Ltlobuk? of tlu.‘ oil 
may be surrounded by sufficient air for its combustion. 

These two reejuirements are satisfied by the* carburettor, in which the i)etrol is 
atomized or vaporized in a stream of air. For any jjarticular (juality a definite proportion 
of air is r(*(}uired, but it is not possible to completely I'lx the proportions of the mixtures; 
l.)ecause, however constant the com[)osition of the oil may Ix*, the d(*nsity of th(^ air 
varies with the wcxither conditions. It may lx* vea-y dry, or contain a very consid(*rable 
percentat»e of water vapour, and its u*mperaturc.‘ and 
density may vary within wide limits. In most cars 

these difficulties are overcome by producing* in the 
carburettor a mixture that is too rich, and then dilut- 
ing;’ it to the reejuired dc*t;re(? with air admitt(‘d 

throii<;h additional air inlets, preferably under ihv 
control of the driver. In warm, dry weather the 

I 

inlet may reejuire to be fully opened, whereas in cold, 
foj^^y weather the eni>ine will probably run b(‘.st with 

the additional air su[)ply cut off. Means must also 

be [)rovided for controllinj:;’ the; ([uantity of the mix- 
ture, as the demands of thci eni;inir vary, either by 
m(?ans of a governor actini;' iijx)!! a throttle! valve in 
iht! connection to the mot(X‘, or by hand, or in both 
these ways. 

Space will not permit of any description of the earlic!r ty])es of surface carburettors, 
in which the oil was va|)orizetl by a stream of air in its [)assae;e over the surface* of the 
licjLiid. In other arrangements the air was brought into contact with tlx! oil soak(*d 
up by wicks; but these devices hav(! almost entircrly been displaced by the spray type 
of carburettor. One wc*ll-known arrangement, thc! Lonj;uemare carburettor, is slxjwn 
in fij;*. 438. It consists ess(*ntially of two |)ortions, oiX! the carburettor |)r()ix*r, in which 
the oil is vaporized and intimately mixed with the air in thc! correct [)r()|)ortions, and 
the other a float chamber which controls the supply of petrol to tlx! carburettor. 'The 
oil is admitted through the connection indicated in the figure whenev(*r the le\'el in thc! 
reservoir falls b(!low a certain point. When this occurs, th(! Iloat d(!presses the return 
levers, which raise; the oil-admission valve. At each suction stroke of the engine piston, 
oil is drawn from thc! Iloat chamlx?r through the carburettor valv(! in a fine jet, and at 
the same time a. stream of air is sucked in thnjugh the air inlet, d'lx! mixture of oil 
va[x)ur and air is then drawn into the working cylinder and (*x[)l(xled. .Since the 
readiness with which the oil vaporizes, and therefore the richness of the mixture, 
depends upon the temjx^rature, it is customary to maintain as constant a temperature 
at the carburettor as possible by circulating hot water from th(! engiiX! jack(*ts, or thf! 
hot exhaust gases, around the jet chamber, as shown in the illustration. If the engiiu! 
has been standing for some time, and the cylinder spaces have become filled with 
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comparatively pure air, it may be necessary to correspomlin-;!)' increase the richness of 
the mixture by lloodino ih<; carburettor. I his may l)e done by depressing the plunder 
at tlut top of the lloat chamber, thus lowt^rin.-^ the float and openin-r the valve. 

Cnder normal conditions, when the car is level th(? oil will stand at etpial heights 
in the- Moat chamber and the carburettor nozzle, usually i',i in. from the top of the jet. 

This, h()\vevc.*r, will no longer be tho cjiso 
if the car is on an incline*, as the licjuid 
will either drain back to the chamber or 
flood the no/zlc*. If th(^ two parts of die 
carburettor are [)lacc‘d one* before the other 
in the lengthwise! dire^ction of tlu! car, tlu! 
oil l(!vel will be alfecteul on a gradient; 
and if, on the otlu^r hand, they are arranj^ed 
side by side*, the level will also be affecUul 
when, f(jr any reas(.)n, the car is tiltenl 
sidetways. 

Vhi Auiomiiiii: ( .iiiiiiifitur anti siiuiuji Siipiiecr (Albion) [ II J )(. I )i()n carljurc.'ttor this dilh- 

ciilly is overcome by makinu;- the* float 
chamber concentric with the jet, so that any change of levt^ls affects both (!(iually. 

In the All)i()n carburettor, of which several vi(!ws are yiven, the correct [)r()portions 
of the t;as and air, previously determined c*xp(*rimeiUally for various si)e(!ds, are auto- 
matically provided under all conditions. 'l'h(.‘re are two (?\tra air ports, one j)(.)rt beinj^* 
o|)ened or closed by the governor as th(! speed of the entwine changes and tlu! other as 
the load on the motor varies. 'To allow for variations of the atmosphtaac conditions, 

and in the (juality of the oil, a special hiind- 
controlled inlet is now [)rovided, so that the 
mixture may Ik* suitably adjusttxl. There^ 
after the j4()vernor re^ulatc's the action. To 
[)rc*vent freezini; in cold w(‘ather a hot-water 
jackc!t is fornu‘d around the carburettor. 

439 is an external view of tlie arranj;'(!- 
nu'iU, with th(! air-inlet silc!nc(?r in [)lace, and 
Iv^. 440 shows the parts, includihLj the gover- 
nor valve, in section. Referrin<^ to the fii^ure, 
the petrol passes from the lloat feed. chamber 
throuoh the fine* hole Aj,- where it is vapor- 
ized by a stream of heated air, drawn in 
throiinii the orifice a.,, and then passes through 
the hollow piston valve a, to the* inlet passaj^^e a^. From the results of previous 
(‘xperimental determinations the passa]L;(! Ao is desii^ned to pass th(! air reejuired for 
a i;()od mixture at slow' s[)eeds and liL>ht loads. As the s[)eed of the entwine increases 
more air is rec|uired, and this is admitted in the proper proportion for each speed 
throu;4h thc! triangular port Ap„ calked the speed air port, the cover of which is operated 
by the governor acting on the lever A;. When the engine is under full load the 
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combined openint^s of the ports a^, and a, 5 are no longer siifhcient for (‘eonomieal 
workin;^, and a third oj)enin;4, called th(; load air [)ort, is thc'refore j)rovid(*d. It is 
opened by the governor valve proportionately to the o[)eninL; of the main throttle 
valve A.^. These three! ports together ^ive automatically a mi\tur(‘ ot the correct 
proportions to suit the variations of the speed and load. As alr(*ady stated, a further 
hand adjustment is provided to suit variations of the weatlu*!* conditions. At a., is 
shown the hot-water jack(!t, which prevents free/in;^ at the i)ortions subjected to th(! 
low tem[)(‘rature of eva[)oration, es[)(‘cially in v(‘ry cold weather. 

Ignition. h'lectric ignition has (‘lUirely dis|)lac(‘d tlu! (*arly arran^(‘m(*nts, in 
which the mixture was fired in contact with a platinum tube! heated externally by means 
of an oil liurner. 

At the present time the system universally adopttrd consists in passim; an c-leclric 
spark throuj^h the (‘xplosive mixture in the cylinder at the reejuired monu-nt, and thus 
explodinj;^ it. This spark is [)roduced betw(.‘en two jilatinum points protrudin;^’ into 
the combustion c.hamlK‘r, and sc‘parat(!d from one another by a L;ap, across which the 
s[)ark jum[)s, provid(!d th(! current has a suflicient pr(*ssure to overcome* th(! rt.‘sistance, 
which is very considerable. It is in the* methoel of proelucint;* the! re([uire*el pressure, 
or vedtaoe; us it is callexl, that the varie)us ignition systems dilfer. A very hi|L;h pn‘ssure 
oive!s a thin intense spark, which is not so suitable! as a bulky spark produced at a voltage* 
just sufficient to |)ierce with certainty the! ;4as between the! |)e)ints e)f the s|)arkint; plu^;’. 

'rhe*re! are twe) i;(!neral ways of producint;- the! ne!cessary curre‘nt in the it;nition 
circuit. 

(fi') by means of batte‘ries of eilherr primary or se*e'onelary cc‘lls. 

(/;) Me!e:hanically, from a ma|L;neto elriven by the eni^iiu; itself. 

A sint;le primary battei-y oives a pressure of only about i[ vedt, and a secondary 
cell or accumulator e^ives^ at the! me)st 2.2 ve)lts. d'o ele‘rive*, the-refore, the ne‘e:e*ssary 
pre!ssure directly fre)m ceTs is nejt |)racticable, owim** to the lari^e! iuimbc*r that wenilel 
be re({uire*el, and nu!ans must be* ade)pted for transformini4* the. low [)ressure current 
inte) a hiL;h-tension curre‘nt. 

hdee:trical enerL;y is [)roportional not only to the e|uantity of the current, but also 
to its pressure; and so le)ni; as the j)roduct e)t these is constant the (|uantily ol enerL;y 
is not cham;X‘d. It may consist e)f a laro'e (juantity e)f current at a low ve)ltaL;e*,. or of a 
small curre!nt at a proportionately hiiLjli voltage*, and these! may be: re*aelily transforineel 
by mc!ans of the! ineluction e:e)il, which can be only very brie*lly d(*scribeel here. 

'I'wo separate coils are* wound reuind a seift-iron ce)re‘, which me*re*ly inte*nsifies 
the action. One of these e:oils, the primary coil, consists of a comparatively fe!W' turns 
e)f stout wire, while the either, the secondary coil, is compeisexl eif a ,L;re*at number of 
turns of v(‘ry fine wire. When the low’-voltaj^e current from a cerll is allow exl to circulate* 
in the: small coil, it induces, meiinentarily^ in the: se!Condary coil, an e*ntirely separate: 
current, havini;* a hitjh voltage*, which de*[)e*nels upon the: ratio of the numbe rs of the: turns. 
In the same wav, at the mome!nt when the primary current is stop])(*d ane)the*r mome*ntary 
current is induced in the secondary w indini^. h^ach make: aiul each bix*ak of tlu* primal*)’ 
circuit thus induces the same momentary hit;h-tension current in the secondary coil; 
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l)ut the- two induced currents flow in opposite directions, and neither is sufficiently 
intens(! to jump the ,<jap at the sparkinif plujr. In the induction coil a condenser, 
consistinj^f of two alternate series of insulated tinfoil sheets, is added as a shunt across 
the contact maker of the primary circuit, and as a result the current at the make takes 
Ion,c(;r to heinir o|)[)osed by the condenser, while the opposite current, at the 

break, dies away instantly, bein-f assisted by the condenser. As the suddenness with 
which the current rises or falls really determines the induced pressure, the current 
at the make, with the* condenser in use, is comparativttly feeble, while the current 
inducc.'d at th(! breakiu”' of the primary circuit is sufficiently intense to jump the gap 
in a tornait of sparks. 

In its simplest form the induction coil thus consists of (a) a primary circuit, including 

the battery; an automatic “make and 
break ”, or trtanbkrr, bridged by the 
comUaiser and the primary coil ; (/>) a 
secondary wimling containing the spark- 
ing plug. 





i'lj*. .142. •Di: 1 )i»)U-li()Ulnn Contact 
M.ikcr 


It is not possibK? horc to enter into any detailed dc^scription of the induction, or, 
as it is lr(‘(|iuauly call(.‘d, Ruhnikortf coil, or to describe the v^arious types of batteries 
and acciimulators. 

1 wo kinds ol contact makers arc* used. One ty[)(i is re[)resented to some extent 
by the I )(! I )ion make -and-break arrangement, and the other by the more generally 
used “wipe” contact maker. 

In tig. 441 the electrical coniu'ctions of the I)e Dion ignition gear are diagrammati- 
call>' rei )resented. k is the battery ot four dry cells, which is connected to th(! primary 
winding ot the induction coil s through the contact maker (). Vo .save wiring, the 
current Hows back t<^ the cells through the metal work of the car, to which the other pole 
of th(? battery is attached. u is thc! sparking plug, connected directly to one end of 
the secomlary coil and through the earth to the other end. Fig. 442 .shows the contact 
maker, which consists of a pi\^oted spring blade, the end of which makes and breaks 
contact with a platinum-ti|)ped point each time a small projection on the half-time 
shaft acts upon the end ot the blade arm. At the moment of the break the springy 
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arm, by vibratinn* rapidly, makes a number of quick coniacts, and tlius produces a torrent 
of sparks at the plui>*, instead of one simple spark as in other types of sim[)lc contact 
br(‘akers. As already m(?ntioned, the current from the contact maker (lows back to 
the batt(?ry throuj^h the metal [)ortions of the ;^('ar. 

It is desirable to l.)e' able to advance or retard the ignition, that is, to make it 

occur at an earlier or later [)eriod relatively to that of the piston. 'Ihis is efTect(‘d 

in the I)e Dion and oth(‘r similar contact mak(M's bv sliehtlv rotatintr th(! contact 
» . . . . . " , ' 
maker relatively to the cam proj(‘ction on tin* hali-time shaft. 

In the wipe arrangement the contact arm rubs over the contact surface at dellnite 
intervals; and, as the contact pieces have some length, a ra[)id series of s[)arks is 
(detained, as in the vibratim>*-blad(‘ contact mak(M* alrc^ady described. A sprini^' is pro- 
vided, as shown in 443, to keep tin* contact arm a;4ainst the surface over which 



-UH- — Hit'li-loii'jinn Itiiiilioii Sysicin lor l uur-f yliinlrr iMiLjiiK' 
s, Two-wny Switch; c, Iiuluclinn coil; M, ( 'onuiiulntor ; K, I’.irth comirttions ; 1,2. 4. Sp.n (oiu* for «Mth cUmdn). 


it rubs. 'This fiijjure shows the arrani^cMiKMits for a four-cylinder (alpine, each cylinder 
of which is provided with a separate it^nition ^ear. Two sets of accumulators, one 
workino' and one .spare, an; indicated, with a switch at the side of the coil box for 
switchini^ one or other into the circuit. Four .se|)arate coils contained in one cas(‘ 
are provided, one for each cylinder, and c‘ach coil works in conjunction w.ith one 

contact of the commutator or combined contact breaker. The sparking' pln^s are 
shown connected to thc^ terminals a of their respective secondary coils. 

A sinj>’le coil may be used for the four cylinders by placing; the C(3mmutaU)r, or, 
as it is then called, the distributor, in the hiL>h-tension circuit, as shown in fijL*. 4^4. 
As before, two sets of accumulators an? provided with a suitable switch; but the 

sparkino* plu^s are now connected to the four contacts of the distributor, and only 

one induction coil is used. 

Magneto Ignition. — As primary batteries require renewal, and as accumulators 
have to be recharged at freejuent intervals, it is desirable to hav(? some other el(?ctrical 
.source of a more mechanical natun?, such as the magneto already described in tlu? 

chapter devoted to electrical generator.s. When the engine is running, the magneto 
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.Irlvcn l.\ it supplies ;i ])ulsin,”- current, which varies in intensity from a maximum 
to zero twice durin^ each h'volution of tlu; armature spindle, and by suitably operat- 
intr the contact maker in the same way from the engine shaft, the magneto current 
at the moment when it reaches its highest voltage may be distributed to the various 
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s|Kirkini;* |)Iii|l».s in the rc<|uirc(I ordor. W'licn slartint^* the* c‘!io;inc difficulty is s()m(‘tini(‘s 
(•\|)CTic*nct*d in ofilaininL^’ tli(‘ ncccssar)’ current, and it is Ix^coinino* \'ery customary 
to fit a small coil and accumulator s(?l as a supidc'mcmtary ignition, for use* when 
starliiiLi, and as an additional saf(*Ltuard. ]^ssc!ntically the magneto consists of a coil 
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Fig. — Alhion Magneto and Ignition Ting 


of \vir(' wouiul upon an iron core, and rotated in the maernctic field lietween lh(‘ 
pedes ol a lap^i' mullipU: ptTmaiumi maj^nel, as shown in ficf. 445. l^ach time the 
coil cuts ih(‘ mas^netic liru s of force, there is induced in it a current, the voltage of 
which reaches a 'maximum when the densest [xirtion of the magnetic field is being 
cut. Instead of rotating the coil, which necessitates the use of contact rings and 
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brushes, the armntun^ may be ht!Ul stationary and the field rotated around it. as is 
done in the Albion arrano^enicnt, shown in detail in fi<^. 446. 

By the addition of a secondary winding of many turns on the armature the com- 
paratively low-tension current jvenerated in the primary windin;^ may l)e converted 
into a hieh-tension current, on the principle of the induction coil. Double-wound 
maj^netos of this type arc; known as high-tension magnetos, to distinguish them from 
the low-tension ones, which have one winding onlv on their armatures. Ignition mav 
be advanced or relarded at the distributor, or in sonic* cases by suitabl) clis[)lacdnD 
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tlici [K)le shocks, which, in such cas(.‘s, arc! constructc!d as nioval)l(! sli(!lls around tlicr 
siclc!s of the armature. 

Petrol Supply. — There are two systems in common use: — 

1. (Gravity feed. 

2. Pressure feed. 

As the name implies, the petrol in the former systc*m flows by jrravity to the* 
carburettor from tlie supply tank, which is placed at a higher lc!vel, generally on the 
dashbc:)ard in front of the driver. 

In the latter case the petrol is forccid from the supply tank, which may therefore* 
be placed in any convenient position on the chassis. Hand- and mc*chanically drivc-n 
pumps are both freciuently used to <;ive the retiuired pressure, and the pressure! of 
the exhaust i>*ases is also made use ot by certain makc!rs. 1 he Daimler system is 
illustrated dia^rammatically in 447. In this particular arrangement thc! exhaust 
gases are used for forcing not only a supjily of petrol to the carburettor, but also 
a supply** of lubricating oil to the lubricators on thc! dashboard. I hc! whole scheme! 
is very clearly illustrated in the ligiire, and need not therefore be^ dc!scribed in further 
detail here. 

VoL. II. 
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Wlif-n the- al)<)v<-- mentifnicd exhaust pressure system is not adopted for the supply 
of the lubricating- oil, valveless |)umps of the simplest kind are j^enerally used, as very 
serious trouble may result from any failure of this portion of the mechanism. 
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Albion Lubricator. rhis lubricator, illustrated in fij.;*. 44S, is entirely automatic 
and is drivtdi frt)m the (‘ii^iiu! shaft. d'h(! l)ox a is filled with oil through th(' filling' 
Clip, and as the motor rolalc^s the pawl rod 0 pushes round the revolving* disc (’, 
on which is formed thf* piim[) cylind(*r 1:. Inside* this pum|) 
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i ylind(‘r is a piston 1:,, carrying' at its iip[)er (‘nd a rollcn*, which 
presses in turn against the* cam projections i\ K,, Fo, <!<:c. As the 
disc (• and |)ump k are rotated I)) tln^ engine*, the plunoc'r .alter- 
nately rises and falls as it passes under the U^p projections, and 

alKrrnalely sucks in a supply of oil through the ports w., and dis- 
char^(‘s it to the various ])arls of the engine tliroiioh ihr. outlets 11... 
h'i;4. 449 shows the arran<;'ement of the.se inlets \u and outlets a.; 
to the difterent l)('arin]L;.s, and the method of adjustinj^ the stroke 
of the piston, and therefore the oil su[)ply, is also indicated. When 
llu* .si'rews shown at F are screwed full out, the lubricator is 
arrani^ed to deliver fifteen dro])s of oil [)er minute with the enjj^inc! 
running’ at full s[)ccd. Ten dro[)s are delivered with the schav 

half down, and with iIk! screw full in the delivery is five drops 

per minute. As each outlet has a correspondinir screw, the de- 
liveries to the several portions of the enjjine may be indepen- 


iliMuly adjusU‘d. Ih-fore startini>[ the engine, all the bearings 
may lie lubricati'd by rotating the handle 11. It is nece.ssary to make provision of 
this kind, as the pump can otherwise only act automatically during the running of 
the engine. 
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Another type of valveless puin[), which is also frequently used for eirculalinj; the 
coolino water throuoh the jackets and the radiator, is shown in tig. 450. It is known 
as the (jear ty[)e, and as the name implies it consists merely of a pair t)f broad pinion 
wheels gearing togethtT in a casing through which the oil is pum])ed. If by any chanc(> 
the pump should become obstructed, there would be consitlerable ilangm' of the breakage 
of some important part of the engine mechanism, and to obviate this it is ctistomary to 
drive these pumps through some kintl of ilexible connection, such as a spiral spring, 



Kijj. .J50.— Dt!t.iilh of D.iimltT Valvt'lcss Pump 


I, Pump bo«ly: (’ovrr for pump; 3, I)ii\en ••ijur wlircl (nine ircih) , 4, Diiting spin wlnrl (niin- tiotli); 5, Splint; jil.ito 

for driving pl.ili*; lank nnt l<'ir gland nnt ; 7, Parking ttiitini; H, l)iivni,i; plain; cy, Spiing hukim; nng ; 10. (iland nnt ; 

II, Cfili.ir for gland mil. 


which would readily yield in the case of accidemt; or to insi-rt a weak and easily 
replaceable part, as is done in the Daimler pump illustrated in the ligure. 

The Clutch Mechanism. Before l(;aving the motor, and proceeding with the 
description of the transmission, some reference must be made to the clutch, which forms 
the connecting link between these two sections of the motor car. If no means of dis- 
connecting the engine from the transmission gear wen; provided, the. engine would require 
to overcome the whole inertia of the car when starting or stopping, aiul (juick control 
wotild be impossible. By means of the clutch it is possible to disconnect the engine, and 
to stop the car without stopping the engine, and there are several other indirect and 
important advantages. One half of tin; clutch is attach(;d to the motor shaft, and the other 
half to the main transmission shaft, from which the wheels arc driven. A foot |)edal placed 
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coritJict 



coinxiilctit rfJicli of the driver (Mial)les tliese two portions to he brought into 
with one another, dr to be disenoaoed as re(iiiired. I'he clutch, to be eff(;ctive, 

must come into action tjently to avoid shock, 

1 and yet sufficiently quickly to avoid excessive 

1 friction; and when in action it must transmit 

the power without slipping. It must tilso be 
Ai so desienisl that it will not j)roduce any obje^:- 

1 fijiT tionable (md-thrusts upon the; motor or Irans- 

V n mission shafts while driving. 

I _ V 'Urt A clutch of the internal -cone type; is illus- 

- - ‘!,c - - -> <- — -) — trated in fix. .|5i. It consists of two conical 

portions, one fixed to the engine shaft, and one 




^ dS'* “ l li.impion ” l*‘t iflioM t 'luiili 


lo the transmission shalt, 
which can Ik* coupled to- 
m‘lh(‘r Ijy hrin^in^* the 
cones into firm contact with 
one another. It will he 
(evident that no (‘nd-thrusts 
come upon the? shafts when 
the con(?s are [)ressed to- 
geihi'r, as wouKl l.)e the 
case if the cones wi?re dis- 
posi‘d in op[K)site directions 
and the? one portion re> 
quir(?il to l)e forced into 
the otht?r. In this particu- 
lar clutch the cone faces are 
both of metal, hut U'ather 
and metal contacts are very 
(Ve?(juently adopted in other 
conical clutches, with sprinj^s 
behind the leather to im- 








Cij;. 452. — Albion Friction ( hitch 

T, FlyuliccI; Ti, ICiul of (’rank shaft; Tj, Iniu-r chitih member: T.i, Sleeve 
carrymi; I:; Ti, (!hiteh bolt; Tr,. Adjustment imt on T4; iv,, C'luuh spring; 
T;, aall-iliiii:>l bearing; rs, Clutch collar; Tu, Clutch fork; 'im, Clutch pedal. 


l)rovc the slippinx qualities. b'ix qj ;;2 illustrates the Albion leather- to -metal clutch, 
together w'ith the fi'Ot peilal Tj,, for operating it. 'Fhe arrangement of the spring is 
such that the end-thrust does not come upon any of the shaft bearings while the clutch 
is in action, so that the frictional losses are reduced to a minimum, and the internal 
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Mjj. 454. — JSpcccIwt'lI Cluich 


Another form of clutch, fijf. 455, of an entirely different ty[)e. is used in the Mercedes 
car. It consists of a Hat coil sprini^, wound loosely uixm a steel drum, and anchon.-d 
at one end to the boss of the flywheel, and at the other end to a rockini^ bell -crank 
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I('vcr, which, wIkmi raised or lowered by means of the foot pedal, lii^htens or unwinds 
the spring iii)on the iransniission-shaft drum. A spiral s[)rino clutch of this description 
is very sensitive, and when i)roperly adjusted <;-ives excellent results. 

Transmission Gear. I'ln* power developed in the engine is proportional to the 
total m(*an driving force at the crank, and to the revolutions per minut(‘. 'I'hus a given 

power may he the product of a small driving force 
and a high speed, or of a larger f(3rc(.‘ at a cori^*- 
spoiulingly slower speed; and it is ihertd'ore possible 
to incr(*ase the driving force as desired, I.)y suitably 
reducing the s[)eed of the car, without in any way 
altering l\ui actual p(3wer dtiveloped. When ascend- 
ing a hill th(! required incrc^ase of driving fcjrcc; at • 
the wheel rims can in this way be obtained if the 
necessary speed-change g(!<iring is provided in the 
transmission. Provision must also be made for 
r(!V(‘rsing the motion of thet car, and this must be 
done in the gear box, as the engine cannpt be 
run in the reverse direction. • 

A balance gear, or differential, must also be 
provided, to enable the two driving wheels to act 
inde[)end(?ntly when running round a curve, and 
yet to receive their motion from a comnn^n source. 
As ihe dilfereniial and ihi! speed gears are frecjuently c.ombiiU‘d, the n(‘c.essity for a 
balancii gear will first b(‘ considered. 

Balance or Differential Gear. -When the stecTing wh(n. 4 s are so directed as 
to make; the car run in a circular [)ath, the outer driving wheel must necessarily travel 
over a greater circle than the inner, owing to their separaUon, which is considerable. 




Fl,l^ I i.uc* n.M's an;\l<)};nus to iho l.)iflrrrntinl (loMr 


A 



457* KN'mumUs of tlic I )iirrr(‘ntial Ot-ar 


and at the same time' each whe(‘l must be positively driven from the common transmission 
shall. 1 hes(' conditions an* satisfied by the differential gear, which is an arrangement 
of lH‘vels analogous to ilv* system of trace bars commonly used for combining the pulls 
ot iw'o hors(*s, as shown in fig. 456. Any differences are thus combined, and the 
actual movement of the vehicK* is at any instant the mean of the motions of th(^ horses 
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arc taken to exclude j^rit by entirely encasin” ihcin, as is sonu iimes done?. 'I'he live 
axle, on the other hand, necessitates a division of the driving shaft, and the stn-sses 
upon it are more severe. I'o overcome! this elifficulty the wheels are! generally mounted 
upon stroni;' stationary hollow shafts, which take- the whole weight, and the live axle 
has then to transmit the rotary motion only. 

Speed Gears. — At the pre.sent time there is no [)osiliv(; mechanical i>ear which 
will provide for every speetl variation, from the maximum determinetl by lh(‘ runnin;.^' 
speed of the trnoine to zero, and the users of cars must thttrelore be contented with 



Kij;. ■ -Arpfyll 'rhrec-.^pcofl (ic.ir Ro.v, sliuwiir; < '«)Vi’r irmotfd 

two or nion^ .s[)t‘e(l clKint^c.s. Only cars of small j:)()W( rs arc provided with hut two 

forward speeds, and many makerf^ always supply three, or, in the; cas(! of very 

cars, four t^cxirs, in addition to a reverse tjear provid(xl for maiKeuvrini; th(* (ar. 

l"i]Lf. 462 shows th(‘ Argyll speed-j^ear box, which provides for three forward spec'ds 

and one reverse sp(!ed. Alth(Hj|L^h the driving; shaft appears to he continued throui^h 

the box it is really not so, and the motion can only he transmitted by it through the 

pinions on the counU.T shaft s to the* propelkfr shaft of the rear axle, exc(4)tin4 at the 

top speed, which is transmitted directly by coupling the shafts to^ethc^r, and by suitably 

disengatfinj^ the [)inion driven from the counter shaft .s. d'he drivint;- shaft e acts 

directly through a universal cou})lin!L>' on the slidinj^ wh(!(d (,>, which thus couples the 

drivinj^ shaft with the sfjuared end of the main or propeller shaft. f is a spur wheel 

fixed to the counter shaft s, and is always in gear with c. As the pinion c is of smaller 
voL. II. 49 
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(liain,-t< r than the. whi-cl y, tiu- latter, and therefore also the shaft s, will rotate at a 
slower speed than the drivin.q; shaft. (.)n the same shaft s is fi.Ned the sjuir wheel u 
ecarin;^ with the wheel o. which rims idly upon the propeller .shaft. As the wheels li 
and o ai-e of tin; same diameter, the wh<-el o will run at the same .speed as the shaft s, 
and thus at a slower speed than the driving- .shaft. Hetwcen the wheels v and the 
counter shaft is s(|uarc<l. and cairies a pinion c, which always rotates with the shaft, 
and which can he moved alon-r it hy means of a foi'ked lever eiywa^injr with the itiniyn 
collar. 1 h<- end of the iiropelle.r shaft is also s(|uai-ed, and carries in a .similar way the 
wIks'I i,>, whah is provided on both faces with clutches d and l. It is this vvhet!! o 
which actually drives the iiropeller .shaft, and the; various speeds must he transmitted 
through It. When the wheels are arran-itd as shown in the figure, with the wheel q 



(io.ir hov. fur oni* i ovi.-r.st: nml ihrcL- fortvjiid spivds 


111 Its mid position, clear of the clutches k and the motion of the driving .shaft is not 
transmitted to the propeller shaft, as the whc-el o runs idly uiion it; that is to sa) . the 
car remains stationary while the engine works ;ts usual, l-'or the third or top siieed the 
wheel (. IS moved towards the left hy means of the lever until its clutch face engages 
with the clutch K, ;ind the drive of the shaft is then directly transmitted. It is de.shahle 
to have a direct drivi-, without th<! u.se of the intermeiliate gears, for the speed at which 

intt nd( d most fieciuenily to run at. It will he notetl that the counter shaft s 
and the wheel o run idly during this thinl speed. 

I he second speed is ohiained hy moving the wheel q to the e.xtreme right, until 
the clutch face of the wheel t-ngages with the clutch N, and di.sengages with K. 
Iti this position the drive is transmitted from c through the counter shaft s to the 
wheel o. anti thus through the clutch to the wheel <1 on the propeller shaft, which then 
rotates at a sltnver speed as alreatly explainetl. To obtain the first or slowest speetl 
must he re[)laced m its mid position, clear of the clutches k and .\, ;ind the pinion o 
imist then he moved along the counter shaft into gear with Q. As before, o rotates 
u > while the time is transmitted through the reducing gears c. r, and G, q. To 
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Fi{'. 4^1.1. Si(l(lcl(*y (Irnr IV>\. S.'tliDn.il Isiwl Kh vntuin 

r(!V(!rsc the motion it is nec{‘ss:iry to introduce* into th(* train of wIk'cIs an additional 
one, which in tliis particular design is carri(‘d eccentrically upon tlu* box covct, as shown 
at u. 1 he [)Inion is wide (rnou^h to gear with (,> and o when these* are not in m(‘sh, 
and it may lx:* swung down into gear by suitaljly rotating the eccentric spindles v upon 
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Fig. 465. Siddclcy Cic;u Hux. So tional I’l.m 


which it revolves. The drive then takes place through c, F, and o, and through the 
reversing pinion u to the wheel q ami the main pro[)eller shaft. 

A similar ty[)e of gear box providing three forward sp(*eds and oiu! reverse is 
illustrated in fig. 463. It is the arrangement uscxl in the Spcx-dwell car, a notable 
feature of which is the inclusion in the gear casing of the corrugated disc friction 
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clinch. 1'hc clutch as well as the itcariiig runs in oil, and the wear is thus reduced 
to a miniinuin. 

I he .Siddchty oear ho.x of the Wolseley Pool Company is illustrated in fijrs. 464, 
465, 466, and 467, which show the details of the construction, hijr. .164 is a .sectional 



Mj;. Gr,'»r na.K. Side View 


c-nd view through .\ ii, showing’ the arran.o;ement of .striking' rods, anil fiji. 465 is a 
sectional plan through the oears. Fiy. 466 is a side view in partial .section, and 
(1,0. 467 an end vi(;w showino’ the straj) brake in position. In this arrant>cinent the 
wheels upon the counter shaft are fi.xed to it, and the various forward and reverse 



s[)eeds are obtained by alteriny the positions of the spur wheels on the squared portion 
of the propi'ller shall. At the left side of fiq. 465 are shown the three striking rods 
which control the positions of the gears, and a feature of the arrangement is the inter- 
locking system, which prevents their simultaneous operation. The method of bearing 
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By moans of a liorizontal lever placed conveniently at the controllinir wheel the 
cliil( h arms within the drums \\ o, and ii can he expanded so as to connect one or 
other of the drums to the shaft M. 

In th(! declutched positifm all the drums, with the wheels x’, ]>', and id attached 
to them, run idly upon the shaft and no motion is therefore transmittetl to the main 
propeller shaft. 

It will lx; .seen that the ratios of the three pairs of wheels x do', and kk^ are^ 



I'l.if. IVuimIci (umi ( .ISO \’n‘\\ ,is sroii from nl»ovi? 


I K.olms-ti'd link. 

Adjiistmi; 

^ I K.uliiis lod rn<l, 

1 'I’hIh* f(»i I .ulms-iuil end. 

|. I’ltis fur i.idius rod oinK. 

^ Hulls fur f.idiiis-nxl link, 
o juint pin fur adjuslm.L' lud. 

Niil fur .idiuslm^ lutl. 

H. 1 Bin in^ slt,»ft. 
u Krvei sc .sli.ilt, 

Hi S<|ii,in‘ uii (li i\ ini^ sli,ifl. 

II J.uuso sh'ini! on tliivini; 
sll.lfl. 


i-v !• i*in th-sjH*i‘(l j;iMr on tlrnini;^ 
shall. [sh.ilt. 

M. riiiiil-spcod Re.n on «lri\inj.j 
I.}. ( 'u\ri foi (IriN iii^- sll.lfl hiMimi^, 
15. ( )il I'oNcr for dt iviiij; sh.ili. 
i<>. Hush for .sirikmi.^ link. 

17. I'nMiinij for Mnkiiu; folk 
iH. Ho.nini; liniiB; for sinkinij 
.shnfl. 

T(>. ki’Vi'Isr sll.lfl hllstl. 

, 20 . Kh'Vfi st'-sh.ifl htlsh. 

Ji. Hulls for third- .ind foiiilli- 
spnsi _i;iMisoii diivin.!; sh.ift. 


jj, 'I hin mils fur ilillo. 

23. Sis ond spc'itil uii driving sh.ifl. 

jp l-'irst spi-fd - gr.ii slffNtt on 
driving shaft. 

28. \nt fur ifNcrso sh.ifi. i» 

20 . Nnis for .sinking fork (sloUisl). 

30. Joint pins for sinking folk. 

Joint Holt for suspension 
l>olt. ^ 

32. Nut for outor taid of driving 

sh.ift. 

33 Spring for ouler «*nd of driving 
slnaft. 


y'l. I.f>ng-sli iking fod< lod. 

37. sliui i-siiiking fork lud. 

38. .Sinking folk. 

30 . Sinking ft>rk. 

•pi. ( )il rings f(ir In.iki' diunis. 

^i. ki'M iMiig pinion. 

42 . H.dli.nc fur diiving sh.iH 
(hunt end). 

• 13 . H.'dlr.n t* fur driving shaft (nsir 
fiid). 

4 j. H.dlr.nr for ifvcrsmg pinion. 
45. Halil. Kt: for e ioss-.sh.ifi i.ntls. 


tliffcrciu, aiul tliat the shaft M will rotate at different speeds accordingly as one or 
other of th(! gears is in the clutched position. 

K and id form tht* high gears, x and x^ aro tlic* middle gears, and n and arc the 
lt)\v-gear wheels, and to change from one gear to another it is necessary to bring the 
desired clutch into operation by lueans of the controlling lever. 

While one drum is clutched to the .shaft the others are fre^e and rotate idly. 

Helore, howevcT, the low gear Did can be brought into operation it is neces.sary 
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to niovo all the parts on the shaft M bet\v(‘iMi tin* rollars LL, together with the* wh(‘(‘l i\ 
bodily towards the riyht until the drum g com(*s ov(!r the clutch at K, when the years 
may be clutched to the shaft as before. 

bor the reverse speed it is necessary first to disenyaye th(! wheel i-: by moviny it 
alone towards the riyht, and then to briny into year an intermediate* pinion between 
the wheels K“ and i), which it will be seen do not y(*ar dire^ctly. 

, By clutchiny the drum ii the motion of the enyine shaft is then transmitted from o 
throuyh the intermediate |)inion to the vnIiccI i" and tlms to the shaft M. 

Live Axle Gear. --Some explanation has alr(‘ady b(‘(*n yiven of th(‘ function 
ol the dilierential, and it only remains to ilescribe its a[)[)lication in the two cases 



/\jl. — l)iiiml(‘r (lour (\i.so. Vi<*vv .js soon frotii l)ol*)W 


illustraled in fiys. 45S, 459, .|6o, and 461. kef(.*rriny to these fiyurc^s, it will be se(*n 
that in ihv. one case (Tiys. .16c, 461) the drive.: is transmitted directly from the speed- 
y(*ar box throuyh what is Kxhnically known as a (.'ardan shaft to the differential y(*ar 
upon the rear or live axle. With tlu* chain driv(* shown in fiys. 45S and 459 the 
differential year is arranyed on a shaft which j)ass(*s transversely throuyh the rear 
of the speed-year box, and which carries at its ends the chain-driviny s|)rockets. 

This latter arranyeiiKMit of speed years and differentia! is illustrated in considerable 
detail in fiys. 470 and 471 of the Daimler transmission, which ne(_*d not be further 
described here. 

The. live-axle arranyement, as applied to the* Aryyll car, is illustrated in liy. 472, 
which sh(3ws the whole arranycanent Ircjin the brake drum Dj, immediately b(*hind the 
speed-year box, thre^uyh the flexible coujdinys and the (>ardan shaft to th(.‘ difl(*rential 
year on the two halves of the driviny-wheel axle i), d. Dj is the brake drum on the 
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[)r(ipcll( r shaft, aiul c, is iIk; Cardan or drivin,i,f shaft, provided at either end with flexible 
couplings A,. A|, of the Hooke type to ensure sufficient flexibility. /\ pinion o on the 
end of the shaft (,) ,<,u:ars with the lar^e drivinsr bevel, to which is ri<^idly attached the 
differ(;ntial-j4( ar casin”- M. On spiiulles J, projectin'^ within this casino-, arc carried 
the differential jockey [anions i, two of which are used as shown to preserve the 
balance of the rcvolviiyir [)arts. 1., L are the differential wheels fixed to the two 



-rti 

I'ls;. (\ir I’.fck A\le 


A. hi i\ ini^ ijr.ir iMsiity;. I.. .\\I** (lifb ifnti.i! w linds. \\ , I'liimn .i(liuslinL» t'oliiinn. Ci- Ib'.ik^Momua linjr km]. 

f:. ht ivi'ii Ik'Vi'I wheel. M hilfeieim.il i-.isino. N. Kl.iiioe for iiiiivei vil joint. Hi. I»i.ikt;-.i(ljnslins» thumb .screw. 

(, < t me 1 .istnit. .n. r.iil-sh,ill IiuHoim hn-h. N. I Tii\ ei s.il ei osshe.n I. |,. Spline. 

i>. .\\lesh.ill, o. hruini; jnnioM, /. rni\eis.il joint, ni. tin fork. Kj. 1 l.ind-Vti.ike bi.uket, 

f' Ikill till list .uljifsiini; niiij. p. Inspeelioii phio. A. I'nivei's.tl folk. Ii I I.ind brake fiilci tmi pm. 

I. h.ill r.iia* .Ml|ustinj;-i init lock. hk I’mion .spindN*. it-, foini e.isino. M,. I )itst shield. 

<; I'.nd-thnist b.dl i.u'e, k. Spindle be.u mo c.ismo. ' slerx r j n.. I Mui,' for jjre.ise injector. .\i. Hr.ike drum. 

II. Innei ImII r;ue. s, Spiinile - loller luMiimi, *mter | f,. iVopeller .shaft. Oi. Hub flantte. 

I. hitfereiili.d pinion. 1. .Spmdie - lollei be.irino, inner i Hi. Hi. ike drum. l*i. V\ heel l>.dl r.iee. 

I. I )ilteienti:d eiosshe.ul. slreve. Ki. ( le.ir box, main sh.Ht. (,)i. .\\li‘ cap. 

K. .\\Ie-liK k lint. V. He\el pinion-llinist be-ii inio. ! l-'i. Hrake aebiatintj le\<;r. Ki. Ro.id wheel. 

• * • 

h;ilv(‘s of tlih \vh(‘i‘I a.\I(! o, and driven din'ctly from H dirouj^h the differential [)inions. 
Alth()Uk>h the road \vlu*(‘ls Ki with their brake drums Nj are driveij from the axk's d, o, 
the \vc‘ik;ht is carried to a i^reat extent u[)on the stronif and rioicl casin|[»' a, r, which 
encloses the whole of the mt'chtinism. d'lu? live |)ortion of the axle runs in solidified 
oik which ensuri's continuous lubrication of the movimj; parts. 

I wo .s(!ts of brakes are jjenerally provided, one upon th(! brake drum immediately 
behind the speed-^cMr box at Op fijL;’. 472, ()[)eratcd from a foot ])edal, and one upon 
each of the wheels actuated simultanetaisly from a hand lever. 
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f 

v(‘hicl(-‘s, Hiul th(i axl(‘ would ro(|iiirc to t)e wry strong* to carry thc^ wcMi^ht of thu car 
and to withstand the sliocks a|)[)Iied at its iniddlc*. * 

'riiese ol)j(‘ctions are satisfactorily ovchtoiik* hy carryiiijit iht^ front wh(‘els u[)on 
stud a\l(‘s, pivoted in a vertical [)lane, or nearly so, to the main axle, the [)ositiun of 



I'iiT' 47‘*^* — 12-T4-II.P. Argyll Ciir ^ Foiir-cyliiuler), Siilf-i'iilranoo ('aniai;*' 

which is not altered. shows a front view of a car with the front wheels 

s(q)arately pivoted, and coii|)led totrether by a transverse coiiplint^; and fit;-. 474 is a 
s(‘ction throuoh one of the hubs, showint;- the arrant;*ement of th(‘ stud axle and the 
pivot. It is nec(‘ssary that the wheels should be taiv^ential to th(^ curve round which 
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Ki;;. H. P. Speed wi*!! Ciir, uiili I ..indjiiletle Hody 

« 

the ('ar is running, in order lo avoid lateral drai^^in.^’ and wearini;- of the tyres, ant^ 
satisfy this condition the wlieels ninsi In.* turned throuLih dillercnt aii^les, as is indicated 
in the diagram h^'. 475, which shows what is known as the Ackermann sNsteni. 'I'he 
arran;4C!ment is such that the centre of the curve! over which tlu! car is passini^ lies 



Fie. Cnpc-cail Cover 

• 

uj)on tlu! continuation of th(! rear a\k‘, so that the rear driving* wheels are always 
tanoential to llu! curve. For the front wh(‘(ds th(‘ axle arms are so directed as to 
intersect it prolon^t'd at the middle of the rear axle when the car is movine^ straight 
fgrward. If. then, the arms are coupled Uv^ether, and the wheels turned, the directions 
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ol the arms should aL»aiu iiUcrs(*cl on ilu* |)rol()ii!^atinn of the rear a\l(*. ICvcn with this 
arrano’cmciU of short stud axles it is desirable that any shoek at the road \\h(*els, howeves* 
slio'ht. should not be. felt at th(‘ steering' wheel, and that th(‘r(‘ should be no possibility 
of the latter beinj^- jerk(?d from the' control of the driver. Some tyi)e of irreversible 



Kijr. 485.— Doctor' L.ifK-l.iijlcttr, by the* S]»)i;t:r Car Coini»aijy 



1 90 


THJ-: MOTOR CAR 


ni(.-chaiiisin must be adopted, sucli, for example, as the worm and sector, shown in 
lio in which the steerint;' wh(;el is attached to the worm spindh; and the ;ixle 

arms to the scrctor. 

The Car Body or Carriage Work. — 'I'hcae are now seeeral well -recognized 
types of car bodies w hich h.ive proved themselves best suited to the particular conditions 
which they .are intended to meet. At one time the tonneau arrangement, illustrated in 
flu'. .J77, was largely used. It has corner seats in the rear of the tonneau, which, howev(;r, 
can only be entered from the roadway, as the door is situated at the back. The rear- 
entrance toune.au, on the otlxa* h.and, <loes not lurcessitate a lonjc wheel base, as docs 
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the .si(l(‘ eiilr;in(‘(‘ lyix' illii.stratc'd in 47S and 479. Sometimes the n*ar sc^ats of 

ihe phaeton tomusui may Ik* entered from the front, as in l\\y, 4S0, which lias one of the 
Ironl seats so pi\’ot(‘d that it may he s\vunL>* to oiU! side. This figure also shows the 
l>ii('k(‘t form of seal at th(? front, which is now very Ljenerally used. 'I'he sin^h? Iandaiil(*tte 
is shown in fii^. .pSi, and th(! ext(*nded-fronl type of landaiilettt! in fio'. 4S2. RemovahU' 
co\’ers ar(' fre(iiientl\' used, a common form l)(‘int^' the C"ap(!-cart cover, show'll in fii^. 4S3. 
Wdieii, on the other hand, th(^ body has a permaiieiil cover, it is known as the Ijiiiousine 
typ(‘, oiu! e.\ampl(‘ of which is jLjiveii in He*. 4S4. A doctor’s landaulette liy the Singer 
Motor C'ompany is illustrated in .pS^, and a Daimler twelve-seated shootiilj^ brake 
in fie. 480. 
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STEAM CARS 

It is not nocessiiry lo n.'consiclcr licrc th(^ r(‘liilivc merits of steam aiul petrol ears, 
or the circumstances that have deternhiu'd tlie threat (l(‘vel()pmeiu et the lattca* type. 
At one time steam cars were sold in considerable! numljers, l)iii now this section oi tlu‘ 
industry is (‘luirely in the hands of one or two manufacture^rs, wlio have* brought it to 
a state of i^re^at perfection. 

In outward ap|)earance th(‘re is now wry little to distinmiisli the st(‘am car from 
the petrol, and the similarity is l)ecomint** still treater; but mechanically there is Iittl(! 
that is common to the two tyi)es, as the (.‘ssential organs are of very dilferent natures. 
In the case of thc! petrol (‘ii^ine, the working;' substance*, consisting' of the oil va])our and 
air, has first to be com|)ressed to a point suitable for ignition, and is th(*n actually con 
sumc^d in th(! entwine cylinder at a very hi^h tem[)erature. It Is then necessary to drive 
out th(! waste Leases [ireparatory to drawing' in tin* n(‘\t char|4(‘. riiis sc‘(iuc‘nce of 
op(!rations conslitut(\s the Otto c\ cle, which, jis alr(‘ad\' explained, |)ermits of onl\^ oiK! 
working;' stroke in ctach cylindc^r during' two revolutions of the crank. With steam as 
a workiiyL*' fluid, on the oth(‘r hand, th(‘ actual e’ciUfration of the vapour is eflect<‘d in a 
sejiarate boiler belated by means of an oil burner, and the* steam is then e\pand(‘tl behind 
the workinj^' piston; but ihn power developed depc'iids ii|)on th(! d(*e‘re(‘ of the (.‘xpansion, 
and in this imj)ortant r(.*s[)ect tlu! steam engine differs from the internal-combustion petrol 
motor. It Is a more* flexible! system, so far as pow(*r is (:oncern(!d, as by admiltint^ a 
larger [)roportion (.)f steam at (*ach stroke* e*xtra |)e)we*r for hill climbing* can be! obtained 
as reepiired. d'he pow(*r devele)ped can be N aric d at the! engine itself, to suit the ne!eds 
of the car, instead of altering;' the s[)eed by means of speed ^e^ars as in the pe*trol 
arran‘4'e!ment. 

St(*am has the iindoubt(‘d advantai^c! of ;4‘r(*ater fle*xlbillty, but so far as ae tual e-n^ine* 
efficiency is conceriu'd it cannot ex('e*ed one half that of the* internal combustion motor, 
which h.is at pres(*nt an (*ffi('ie*ncy of about pe‘r cent. 

Engine efficiency alone does not, howexer, determine the* economy of a ear, and 
the cejst of the |K!trol or fuel is often a small charge: compared with the upkeep of siu h 
parts as the tyres. 

For the purpose* of d(‘scribint;' tlu! details, two examples only xxill be |^i\'(*n of actual 
cars. One* of these is the! Ame*rican White! e:ar, which has l.)e‘e*n ve^ry sue'e:e*ssfully 
developed by the makers, and the othe*r is the llritish Turnea*' Mie sse* car, inanufactur<*d 
at We)lve*rhampton. 'There are* many types of ste-am wagons built in this <'ountry, bui 
the!.se canneit be dealt with here*. 

In addition to the! usual chassis arranj^'ements, the steam ear compris('s a ste*am 
j/enerator with an eiil Inirner for heatint; it; an engine* of e-ither the! elouble- or the 
single-actino type, with the usual distribution valves and certain re'i^ulatiiyi; eleivices for 
ceintrollinui; the oil supply to the l)urner, anel the! feeel supply te) the! boiler, the* te ini)e*rature 
of the ^tjenerator, anel the supply of steam. Water jacketinj^* of the c)linele*rs is not 
requirexl, as it is in the [)etrol (!ngine, but the raeliate)r is retaineel, whe*reby the* e xhaust 
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steam is condensed and piimjK*d hack to the water tank. As the steam eni^itie works 
expansivel)’, and is controlled hy means of the link !L>*ear, thr. s|)eed-^*ear l)o\ common 
to cars of ilu‘ petrol l\ pt^ is dispemsed witli. 

The Generator. Ml;-. 4S7 shows the oemTal arranj^emeiU of the 30-h.p. White 
chassis and ilie relative positions of th(! various parts. A view of the oenerator itself is 
j^iven in 1114. .pSS. It consists of a number of helical coils of seamless tubino*, [)laced 
OIK* above* th(.* oth(*r, and (*nclosed in a fire-resistinju’ casino' over an oil-fed burner, 
coils ol tiihin” so comicclcsl that ihc watc.T which (ailcrs at the to[) cannot How by 
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A. C.fiti'i.iloi , ( \liiiilns, c. ( ‘oiiilt'Msn , |>, \\ .lift l.iiik , I . I'lirl l.ink ; 1 , Oil srp.n.itnr; I’aIiiiusI : II, (’NlimltT 

liiliiualiiio pipo, 1. Mam sl<am pij*'-, k, llaiwl, an ami watM pumps; i., I’ciwm >>p<ial<tl liiht ir,»imi; iiumj's; M, Iliiaitlln 
(•pnalim; wlicrl, \, K’adm.s lud; «•, llamlluakL- iml; r, I lim. 

gravity throUL;h tlu* successive! lower coils, from which steam alone j^asses away at the 
bottom of the i4eiu*rator. 'Dk* upper (oils act practicall)' as a water heat(‘r, and lh(_! 
wat(!r is ('onv(*rt(‘d into steam at some varicd^le point in the lower coils, d(‘pendin^' upon 
the demands of th(* engine. Tlu‘re is thus no water level to maintain, and no necessity 
for troublesonu* wat(*r j^auoc's, while all danger of explosion is avoiel(*d. 

Motor spirit, or petrol of all specific gravities u[) to 0.76, nv the clK*ap(*r bcn/(d(!iU! 
may be us(*d as fut*l for hc*atino‘ the '!4en(*rator tubes. Once th(* burner has been 
lii^hted and the (‘iioiiu* start('d iIk! action becomes enlir(*ly automatic, tlu* tem|)eraturi* 
and pn ssuia* of tlu* st(*am beino maintained constant under all varying; demands of tlu! 


I'rom the diagram, fii;*. 4vSg, the j4(*nerator feed water and tlu* oil fuel systems 
may b(* traced through the various rei»tilatine' devices. a repr(*s(!nts the water tank, 
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Ai the f(‘(?(l puiii|), Ao the water rcj^iilator, a.j the coiI(*d liilx! insiclc! tlie feed watc'r 

heater c; re[)reseiUs the Ilow rej^ulator, A- is the thermesiat, and A,; lh(! i;en(*rat<)r. 

1 hese parts constitute the i^cMierator and the (e(‘d -water (ircuits. Oil liiel lor the 

l)urn(!r Kj is stored in the tank ii, and i;.j is the valv(‘ coiitrolliniL; its admission. I'o 



I'ljjf. .j88.- Slc'.un (jcnn.Uf)r of W'liitL* Stc.iin ('.11 

A. loj) Kill tif m'lu'i.tlnr; II, M.«in hiinicr ; r, I’i'iiol in, tin supply conna'jion ; |), II, mil liic \,il\f; 1, Wipm i/<'i-sup|jlv’ 
coMuct f ion ; i\ M.iiii v,i|Kit i/'cr ; Wipoii/'cr no//lc; K, Misini; lulu.’; i,, I'lhd lijijlit; M, IMot-li.i;lil tniii-; N, ( Jcni’i .itoi supir- 
lic.ilini; lulu*, r, riici niosl.ilic vnlvi*. 


Start th(‘ ^(‘nerator fVoni the cold condition there is provided a bypass valve ii;,, hy 
m(*ans of which oil may lx* admittetl to the ljurner when there is no steam for tlu* 
automatic supply. Under normal working' conditions the wat(‘r is drawn Irom th(‘ 
supply tank a by the eni^inc'-driven feed pumps a,, and forced throui^h the hc*ater 
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coil A.{ to the (low r(*iL;ulator Aj. d’his rcLtulator consists (*sseniially ol a lA’linder in 
which works a plunq,*er having* throui^hout its kmi^th an (j|)en passai^c. At all times 
the water can (low throut,di it to the ^^'cnerator, and in its i)assaiLj(.* it causes ihv. i)lun| 4 er 
to move against the action of a s[)rin!^ to a distance dependinj^ u[xm thc! rate at which 
the water (lows. When moved to the extreme end of its ranj^f* the pluniLjer op(*ns a 
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l)y|);iss v;ilvc, which allows the water to return hack through the connection A; to the 
watc.T tank, aiul in this way the feed may Ije kept below a predetermint'd limit. 'Fo 
the plung<;r is also attached a needle which controls the fiK!l valve and thus regulauts 
the action of th(= burner to suit the Mow of waUT through the flow regulator A4. If no 
water is being delivered by the; j)uni[)s, the burner is completely shut off; but th(; 
valve \t., is so shaped that a varying (juantity of fuel passes through it, according to 
the position of the plunger. An independent pipe connection is made direct to the 
boiler from the feed heater A^^. through the thermostat A;„ instead of th(; flow regulator. 
Cnder normal running conditions, with the thermostat moderately cool, the valves of 



Fig. — Clia.ssis ()f '1*111 iu.‘r-Mi(‘ss(! Steam Ctir 

A, Hyp.iss \.tl\i* noiii.iii.f lr\ii ; k, I’rt's.stiic rt'lirf v.ihe wlii't'l; I., ( ‘.mt-sli.ill Icvi-r loiili oiling \.il\c lilts; k Ki. Mt'ili.mii .il 
puinp v.ihfs, Kj, 1 1.in(l-|iiiiii|) I* \ei , K.,, k{Mr\\lirrl In.ik*- lovri ; K.., 1 1.tnd opfi.ttc'tl ptinip ; .s, I’.ti.iflin l.mk ; T, W.iliT I.Tiik; 

r, I'lliol l.ink. 

this subsidi.iry circuit remain closed; but if the temperature ri.ses to a certain point, tlu; 
thermostat o[)ens tin; \alve anil allows an atlditional *lIow of water to enti;r the boiler 
tubes, with the result th.it the pro|)ortion of feed w;tter to oil-fuel supply is increased, 
until the tempi.'niture of the generator becomes again reduced to the normal. Hy the 
combined action of the thermostat and tlu; (low regulator the water aiul fuel supplies 
are so proportioneil as to maintain at all times an appro.ximately constant steam 
pressure and temperatun; whatever the demand for steam may be. 'Fo make; the 
action of the system completely comprehensible it is necessary to ])oint out that the 
maximum he.it generated b\' tlu; burner is sufficient to immediately vaporize the water 
at the maximum rate e\er retjuiretl, and on the other hand that the maximum flow of 
water that is possibk; through the regulator is well below the quantity that the burner 
is c.qiable of evaporating anil instantly superheating to the full extent. It follows, 
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therefore, that the oenerator can iKncr 1)(! Iloocknl, anti tliat iindVr any workini;' 
conditions the [)ressur(i can never rise to an ahnormally hij^h dej^ree. 

In the Turner- Miesst* steam car, the chassis of which is illiistrau*d in titi's. 4()o 
and 491, tlie o'en(a*at(^r is of a similar Hash ty[)C, consisting of a s(‘ri(*s of tiihes in 
several layers arran;4cd above th(? main burner, which is fed with [)elrol and paraffin. 
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A, W^.itcr hypiiss \alv(“ 

1:. Hvpass from pumps to miiiii u.ilt-r 

lank. 

Hi- ki’lurn from hyp.iss to w.iUm t.mk 
f . WaUT r»*lit*f pipe from j^rnnator to irlu f 
pipu. 

( 1. I).jNMi-<Iraii.t;lit HiK* of ,i»rn<Tat<>r. 

II. ('omliitu'd tluotllu and luakr p«*d.'d. 

K. Stoam disc tliroUlc. 
f-. l’'i)”iiic-Nalvc inlfls. 


< 'r.mk and irdiu im; t;iMr rase. 

Jl. .Stf.im coudt’Msin” toil. 

I. Stc.im-pn-ssiiK' 

l\. I’n'^smc f \N lu'cl. 

1.. ( '.im-slialt IcNci. i-onlrollinj; lifts. 

.M. iMs d-pump (k-liMuy \al\«*. 

N. ri«-ssmc-jL(:iui;c liU'l tank. 

I'rcssiin' pijM- (rom air pum|) «.i. 

N^.. Air-pressure pipf to find l.inks, 

Nj. l^lovv lilt i»di»*f valvi*. 


\j. I’u‘ssmi‘-i(di«d l>ip«*. 

N.„ Iti.iiull lloin N.* to pftlol l.ilik, 

Ilr.iiu li (loin S-i to p.ii.dlin lank. 

I*. lailuuMtoi (oj- (,i. 

«.i. 1- lu l-tank air pump. 

K k,. Mis li.mii al w atur-punip ( cnl i ii s. 
I{;>. Hand \vat«‘i pmiip st.iilmj^ Ir\< 1, 

K Il.ind liiakf ft»i oat ssluals. 

K^. I'au'itu' foot bral.i'. 
s, rar.iltin lank. 


l*'or the lO-h.p. car generator .sixteen layers of weklless steel tubes eonnecied lo^a tlicr 
in four .sections are usixl, and the connections are so arranged that only hij.^hly siijurr- 
heated steam can be taken from the sciction in direct connectiem with the entwine 
throttle. An illustration of the burner arrangement is given in fig. 492, which shows 
also the pilot burner necc.ssary for starling uj) the main burner. To burn piarol or 
paraffin successfully, and without smell, it is necessary first to vaporize it, and this 
is done in the coils n, a, shown in the ligure. When starting from the cold condition 
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a few inoincnls |)eiml is allowcil to circulate in the heated tube, and the vapour pro- 
duced tlu-n passes tliroir^li the connection c, and the needle valve controlled by the 
hand wheel 0, to the inixin,” chambers k, from whence it passes to the burner tubes o, 
where it is ignited by the pilot-burner llame, which is then turned off. As the tem- 
perature rises the petrol supi)ly is gradually reduced, and the paraffin correspondingly 
admitt(.‘d to the burner, until under normal working the petrol is entirely shut off 

The Engine. -In the White car the engine, which is .shown in figs. 493, 494^ 
and 495, is of the double-acting two-cyiinder compound type, while in the I'lirner- 
Miesse ear a three c) linder single acting engine, arrangcal horizontal!)’, is used, thus 



I ig. .}»/'• 30-H.I’. White .Slcain f nr 
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lollowini;' more on llic liiu's of {.he intornal-coiiibii.stioii motor, althoiiE;li the (:yc:l(*s arc 
essentially very (lirferenl. Rc'feiTinL;* to the illustrations of the Whiu? (‘nj^ine, it will 
!)(' seen that the cylinders are arrano*e (4 vertically, with the main shaft carried on hall 
hearings at the bottom. ('yliiul(*rs of 3 and 6 in. diameter, with 4.2-in. stroke's, are 
list'd, anti the steam is atlmitted to tht^ hi]L^h pressure cylinder throujL^h a piston valvt*, 
and to th(' low-pri'ssnn' through th(‘ ordinary ty[)e of Hat .slide. valve. Under normal 
runnin;4 contlitions thi' (*n^ine works compounded and e.xpansively ; that is to say, the 
stiTim, after beini^ usefully (E\|)anded in th(? hioh-pressure cylinder, is further expaiuk^J 
in the It^w-pressure cylindia*, before beinjr ('xhaustetl to the condenser. Iwxtra demands 
ft^r power, as for example in hill climbiniL;*, are met by cuttint^ off the steam at a lattT 
period of the stroke.; and when thc! demand is exceptionally j^reat, as wh(!n startin;^ 
from rest, li\a-* steam may al.so Vye admitted to the lar^e cyliiuler through a special 
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Fiji. .}07. I .cfl-hand Side l’'.lcvatujri of the 'J’uiik'i SIimiu ‘.linAijij; the llucc st.ultiis'. h.ind wlucls lui 

ojH-i.ilmj; ihr burner liu’l s»y^)|>ly 


SimplinjL^- valve. 496 shows llu? (‘xiernal a|)|)(‘araiu'(* of the* W’hiu* steam r;ir of 

40 and fiLf. 497 lli(j 'runuir-Micssf^ car, with the thn.H! hand wIkhIs for starting 

the burners (exposed at 8. 


ELECTRIC CARS 

b'or city work, wlien? smooth and quiet running are of more? importance tli.m 
actual economy of working, the ek^ctric vehicle! is exceptionally suitable; but its 
universal adoption is limiu^d by the great weight of th(‘ sloragt* cells, and by the* 
necessity for r(*charging* after from 3(3 to 40 miles of running over average roads in fair 
condition. If a more! compact system of storing electrical energy in a condition suitable 
for its reconversion into mechanical energy could be d(?vised, the objections to the 
electric car for general |)ur|)os(*s would disappear; but at the pn'scait time* none of the 
many j)romises has Ix^en fulfilleit, and therre arc no indications that the difficulty will 
soon Ix! solved. 

A steerage battery, or, as it is called, an accumulator or s(*('ondary ('ell, (onsists 
of two sets of l(‘ad-pasted jdates immersed in water, which is slightly acidulated to 
facilitate th(! chemical reactions and U) decrease the internal resistance? of th(? cell. 
One of the plates is generally composed of lead alone, and is known as the? negative 

plate, while the positive one consists of a porous lead plate having th(? interstices ril!(?d 

•* 

with a paste of lead dioxide. In the ilischarged condition th(? paste on the jiositive 
plate is really in the condition of lead sul[)hate, while the surface of th(? n(‘gative plate 
is coated with a layer of Ic^ad oxide. The process of charging an accumulator then 
consists in passing current from the supply mains through the cell, when! the electrical 
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ciUM'iny c'xpcndcil in chanjuiiii^' (he chcniical condilions of the; two sets of |)lat(‘s. 

rh(‘ paste* on tlic positive plal(* is e'onve*rle‘d from lead siil[)liat(.* to lead ilioxide at the 

(‘xpense of the neejative plaKx wliich l)eeonK;s dcoxidixetl and converted into th(; 

metallic condition. These reactions arc; rc;veised during the; dischari^e of the cc*ll, 
that is, the* positive* plate l)econu*s sul|)hated and the negative plate; oxidized as the 
store* of ele‘e:tri('al e^ne-r^y is withdrawn, ('are; must l)e taken to recharge; the; e:(*ll hc'fore 
the' whole of the e‘ne*re;y is withdrawn, and not to discharge* at too hi^h a rate*, as 

othf‘rwise; the plate*s may hiiekle; to a se*rie)iis e*x!e*nt owin^ to irr(‘|L;iilar or too rapid 
expansion of the mate*rials. between one* |)air ot pla!e*s the*re Vxists a tle‘linite; vedtat^e*, 
de*termined by the clu*mie'al conditions. \\’he‘n fully (harmed, the voltage e)f e*ach ce;ll 
should be about 2.2 volts, and the* e'ell should ne^t* be* allowed to dischart^e* below 

I.e) volt at the* lowe*st. 

Since* lor motor-car purpose s it is nece‘ssary to provide a pressure of about iex:> volts, 
a se*rie*s ol about lorty-live* to i\i\y cells, eacli i^ivini;' an averai^e of 2 volts, must be 
carrie.*d on the car. 'l'he*re* is also a limit to the eiuantity of the current that can be 
elrawn from e*ach sejuare; foot of |)late aiea, so that for a definite powc*r the l)attery 
as a whole must have* a certain capacity, and the*refore a certain weight, which is ^enerall^' 
conside-rable*, and sometimes about 3 ^ per cent of the total weight of the car. 

It is not possible to do moixj than refer to the essential features of el(;ctric carriag(;s, 
and for the* purposes of descri[)tion the carriage of the London Electromobile Company 
will be taken as a typical exjiinple. 
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Fig. 498 illustrates the type of electromobile so frecjuently seen upon the London 
streets, and figs. 499 and 500 show the arrangement of the chassis in side c‘levalion 
and plan. 

The chassis frame, to the under side of which is slung ilu* battery box, is straight 
in elevation and rectangular in plan, and is constructed of rolleil channel section. This 
arrangement of the box has been adopted to ol)tain rapidly interchang(*al)le l)aiteries; 

(d) even distribution of the weight over the wheels; (^•) th(^ collection of all the ii‘lls 
i^i one box, to facilitate thorough inspection, and to simplify the manipulation; and 
(d) to lower the centre of gravity with a view to minimizing side sli[). W'ilh the 
underslung arrangement of the battery there is tlu^ furtlun* ad\aiuag(‘ that any acid 
fumes escape at once to the outside air, and do not destroy the wood -work and 
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cushions, or affect the atmosphere inside the carriage. I'hc; battery case is attaciie<l 
l)y suitable lugs and ta[icr pins to the under side of the frame, and it may 1)(‘ readily 
removed when in the garage for recharging, or to facilitat(! the cleaning of th(! 
chassis. * 

'fhe battery consists of about forty-five cavils, weighing, apart from the case; about 
10 cwt., and has a capacity of i ^^5 ampere hours, equivalent to a continuous discharge* 
of, say, 27 amperes for five hours. This current, at tlie pressure of ()0 volts, is sufficient 
to drive the carriage illustrau^d in fig. 49H for 40 miles under average* conditions. 
Each plate of the battery is formed of two thin grids of antimoniated leae.1, riv(*l(*el 
together and perforated with tliirty-two sejuare hol(*s, into which p(*llels of the active 
paste are forced under hydraulic pressure. It is found that the [)]at(*s so constriuted 
last under ordinary working conditions for about tw't^lve months, and vvlien worn e)iit 
they may be readily replaced at small cost. 

A series- wound bipolar motor of the ironclad tyjie converts the (electrical energy 
of the battery into mechanical energy, and applies it to the driving of the rear axle. 
When working continuously, the available power is S brake h.p., but for short periods 
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a load of douMe this amount may safely be carried without unduly overheating the 
motor. 

b'rom the motor the driv(! is transmitted through a doul)le train of double helical 
geariuLi to lh(! differential, and thenc(.‘ to the hubs of the rear wlurels by live shafts, 
which revolve in an external tubular axle of suftkient strength to pres(‘rve the driving 
axle from all b(!nding str(‘ss(‘s. All tin* y(*ars run in oil, which is circulated through 
each of tin* bearings in turn, until ultimately it escapes at the road wheels. 

Hy means of tlu* controllcu', forward s[)e(^ds of from 3 to 15 miles an hour, with 
one revetrse speed, may lx* obtained in addition to the operation of two electric brakes. 
It is of a simple and com[)act design, and is (uicloscxl in a cast aluminium casing bolted 
in a horizontal position to the under side of the chassis. Immediately under and parallel 
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with the steering wheel is placanl the controller hand wdieel, as this position is found 
to Ik* th(! most convenient for the driver. It is mounted upon a tube concentric with 
the steering s|:)indl(‘, and actuates tlu* controller brushes through bevel g(!ars and a 
rachet nu'chanism, which [)ia!V(-‘iUs any lingering between tlui positions of contact. As 
the fiormal s[K!ed is not grc*at it is sufikient for the st(‘ering of the car to transmit 
tlu* motion (d the steering wheel to tlu! axle levers directly through ordinary bev(‘l 
gears having a ratio of i to 4. This dispenses with the customary irreversible 
arrangement ot worm and sector, wTirh requires to be frequently readjusted to eliminate 
backlash, due to wear. 

In addition to the two el(*ctric brakes already mentioned, a powerful double-acting 
('X[)ansion brake is litted on the liubs of the rear wheels. It is applied by a foot 
[)edal, and the pressure on the two wheels is equalized by means of a wire rope led 
ov(*r suitable pulK^ys. T(^ prevent the undue overloading of the motor that would 
take place if tlu* brakes were applied before the current w^as cut off, a special quick- 
break switch is provided. When the foot pedal is slightly depressed the current is 
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cut off, and the car runs freely, until by furthcT depressino the pedal the brake* conies 
into action. On releasing the j)edal the process is reverscnl, that is, the brake, is 
released before the current is switched on to the motor. 

Certain manufacturers are now combining the p(*trol (*ngin(* and the el(‘('tric- 
motor systems with a view to dispensing with the use of accumulators and chang(*- 
specd gears while retaining the desirable feature's of both the systems. Current for 
the motor is generated by a dynamo ilriven from the* (‘iigine, but the combined 
arrangement has so far only be(*n applied to i‘omnuM'cial vehicles of tlu^ hea\ ic'i* classes, 
and its general adoption is as yet a question of future tlevelopment. 







(>21.312 1 Kl 





